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1. EXECUTIVE SUMMARY

Though there have been num erous studies re garding the effect of fatigue on traffic
collisions, there is still little em  pirical understanding of how rest areas, which are a
countermeasure for fatigue, play a role in fa tigue-related freeway collisions. The present
study evaluates fatigue collis ions from a spatia | perspective in an attempt to und erstand
the relationship between rest areas and fatigue collisions.

The study first summarized the general characteristics of fatigue-related collisions. Out of
2,203,789 total collisions occurring between 1995 and 2005, fatigue collisions accounted
for more than 1.3% (using a ‘strict’ defin ition of fatigue) and 9.7% (using an ‘expanded’
definition) of total collisions in California. Both fatigue and non-fatigue collisions in the
vicinity of rest areas in California were then investigated using two different approaches:

1. Spatial analysis on collisions within 10-miles up/downstream of rest areas
2. Spatial analysis on collisions as a function of distance traveled from rest areas

The findings generated from two sample t-tests indicated that the number of both fatigue
and non-fatigue collisions decreased statistica lly significantly downstream of rest areas.
It was also found that the num ber of collis ions due to fatigue ten ded to decrease
immediately downstream of rest areas,

while suddenly increasing after about .
30 miles from rest areas, while non-
fatigue collisions remained the same.
Two sample binomial tests confirmed
that the percen  tage of fatigue
collisions further than 3 0 miles from
rest areas was significantly h  igher
than f or co llisions 30 m iles or le ss
from rest areas. This phenom enon is
consistent with a possible assum ption
that drivers becom e significan tly
exhausted about 30 m iles
downstream of rest areas.

REST AREA f

The study also explor ed all collision
factors for collisions occurring in the
vicinity of rest areas and their ramps, Safety Roadside Rest Area Exit Sign

and com pared them with co Ilision

characteristics from collisions occurring in the vicinity of ramps not associated with rest
areas. The com parison revealed that trucks were the prim ary vehicle type involved in
rest area ramp collisions. ‘Parked, parking’ m ovements caused the h ighest num ber of
collisions o n ram ps connected to rest ar eas, com pared with ‘pro ceeding straight’
movements for all other ramps. The comparison also revealed that some rest areas had an
inadequate number of parking spots, resulting in unsanctioned ramp parking activities.
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Finally, the study explored the growth of informal rest areas: shoulders adjacent to ramps
and mainlines frequented by truck drivers when other safe stopping opportunities do not
exist. The study analyzed collision rates at in formal rest area ram ps and determined that
the rates were higher, o n average, than collisio n rates at d esignated rest area ramps or
ramps unaffiliated with rest areas. T hese findings suggest that, on average, inform al rest
area ramps are less safe compared with other ramps. Analysis of fatigue-related collisions
adjacent to infor mal rest areas prov ided mixed results regarding the efficacy of inform al
rest a reas in reducing highway collis ions. However, the higher in cidence of f atigue-
related collisions at these locations supports the need for additional rest areas.
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2.  INTRODUCTION

This study seeks to improve traffic safety and mobility for California highway users by
analyzing characteristics of fa tigue-related crashes. The pote ntial for risk reduction is
substantial. Not only do these cr ashes tend to be m ore severe, they are also likely to be
underreported. Each fatality crash co sts millions of dollars. Even a m odest reduction in
such collisions would result in large savings and improved highway safety.

In addition, fatigue-related collisions have a major economic impact. For example, there
have been occurrences of commercial-vehicl e fatigue collisions destroying bridges over

interstate h ighways, ca using m ajor disrup tion to th e trans portation sy stem and to the
economy. Fatigue-related bus crashes have been catastrophic. These crashes capture the
interest of the public, requiring an inordina te proportion of lim ited resources to address
their aftermaths. Successful measures to p revent them or to minimize their im pact will
substantially decrease these undesirable costs.

Fatigue-related crashes are particularly hazardous in highway work zones, where
Caltrans, highway patrol, and contract employees are particularly vulnerable.

This study attem pts to provide more
accurate es timates of fatigue-related
collision rates and the efficacy of rest
areas in reducing th e risk of cras hes
related to driver fatigue.

Chapter 3 of thisreportd  iscusses
previous e fforts to determ  ine the
relationship between fatigue and traf fic
collisions. Chapter 4 explains the ‘strict’
and ‘expanded’ definitions of fatigue
used in the present study. Chapter 5
summarizes general characteristics of
fatigue-related collisio ns. Chapter 6
presents a s patial analysis of collis ions
within 10 m iles up/downstream of rest Shoulder Downstream of Closed Rest Area
areas, and is followed in Chapter 7 by a

spatial analysis of collisions as a function of distance from rest areas. Chapters 8, 9, and
10 respectively discuss the effect of rest area closures on fatigue related accidents, fatigue
ramp analysis, and inform al truck stops. Th e report ends with concluding rem arks in
Chapter 11.

Note that this report summa rizes the key findings of the present study regarding fatigue
collisions; the results from additional detailed analyses can be found in the appendices.
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3. LITERATURE REVIEW

3.1 Introduction

Generally, sleep is a neurobiological activity ~ with predictable patterns. Disruption of
these patterns, especially the circadian pr  ocesses (24-hour rhythm st hat control our
sleep/wake cycles), sleep fragm entation, or sleep restriction and loss can result in a
diminished capacity to perf orm everyday tasks such as  driving, via im pairments to
reaction time, vigilance, attention, and information processing (NCSDR/NHTSA). In the
extreme, it can also lea d to driver s falling asleep while behind the wheel. The Nationa 1
Highway Traffic Safety Adm inistration (NHTSA) m akes the distinction between
“fatigue” and “inattention,” in which fatigue is defined as a “disinclination to continue” a
particular task; in the case of driving, it is not so much disinclination to driving as it is a
“progressive withdrawal of a ttention to the tasks  required for safe driving.” This is
characterized as ina ttention, which is a product of fatig  ue and other factors such as
“preoccupation or distractions inside the vehicle” (NCSDR/NHTSA).

To better understand the problems associated with fatigue, the study included a review of
the relevant literature using online lite rature research databases including ScienceDirect,
PubMed, and TRIS Online (T ransportation Research In formation Servic es). Fo r the
purpose of the review, references have been di vided into five main categories, with the
number of references shown in parentheses:

Characteristics and magnitude of fatigue-related crashes (43)

Effect of fatigue on performance (7)

Causes of fatigue (18)

Countermeasures (29)

Effect of rest areas on fatigue & necessary characteristics of rest areas (50)

Nk W=

3.2 Characteristics and Magnitude of Fatigue-Related Collisions

The National Sleep Foundation' s 2005 Sleep in America poll reported th at 60% of adult
drivers—about 168 million people—said they had driven a ve hicle while feeling drowsy
in the past year, and more than one-third had actually fallen asleep at the wheel.

Rajaratnam and Jones (2004) contend that sl ~ eepiness is now regard ed as the largest
identifiable and preven table cause of acci dents in all m odes of transp ortation. Many
articles reveal that fatig ue-caused collisions result in higher injury and death rates (e.g.,
Bunn et al. 2005, Connor et al. 2002. and Garbarino et al. 2001).

The magnitude of fatigue-related collisions may be severely underes timated because it is
difficult to objectively m easure the role that fatigue plays in any particular traf  fic
collision. Identifying fatigue-rel ated crashes is also m ade difficult by the “absence of a
universally accepted definition of fatigue” (Dobbie 2002).

The exact definition of a fatigue-related cras  h is subjective and can vary in different
jurisdictions; certain ¢ haracteristics are iden tified as co ntributors to f atigue-related
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collisions. According to the ~ NHTSA website , an arch etypical collision re lated to
sleepiness has the following characteristics:

The problem occurs during late night/early morning or mid afternoon.
The crash is likely to be serious.

A single vehicle leaves the roadway.

The crash occurs on a high-speed road.

The driver does not attempt to avoid a crash.

The driver is alone in the vehicle.

Other researchers support the validity
of some of these characteristics. Horne
noted that most si ngle-vehicle crashes
occurred without any prior braking,
and that their highest incidence
occurred between 2:00 a.m . and 6: 00
a.m. and be tween 2:00 p.m . and 4:00
p.m. (Horne 1995). Sim ilarly, Sagberg
used a reg ression model to de termine
that the “strongest predictor variable”
is the time at whic hacollis ion
occurred, and that “the odds of fatigue
or sleep being involved increases by a
factor of six” if th e collision occurred
between m idnight and 6:00 a.m.
(Sagberg, 1999). Australian
researchers developed their own
operational definition of fatigue,
identifying fatigue-related crash es as occu rring in “head -on collision s where neither
vehicle was overtaking at the time of the crash,” and during what they called the “critical
times” of midnight to 6:00 a.m. and 2:00 p.m. to 4:00 p.m. (Dobbie 2002).

Local Parking Restrictions Limit Options

3.3  Effect of Fatigue on Performance

In their report about the effects of  sleep deprivation am ong physicians, W einger and
Ancoli-Israel (2002) reported on two m eta-analyses that summ arize the cognitive
performance effects of one or m  ore nights of reduced sleep. In general, “the studies
suggest that sleep-deprived s ubjects perform ed 1.4 standard deviations below that of
controls. Sleep deprivation had the greatest impact on mood and cognitive tasks and less,
but still significant, impact on motor tasks.”

A study by Fairclough and Graham (1999) assessi ng the relative im pact of partial sleep
deprivation and full sleep deprivation on a two-hour simulated driving test compared with
an alcoho | impairm ent (BAC = 0.07%) rev ealed that “the full sl eep deprivation and
alcohol group exhibited a safety-critical decline in lane-keeping performance. The partial
sleep deprivation group exhibited only non- critical alterations in prim ary task
performance.”
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For a study of 114 drivers (half over the age of 30, and half under) w ho stopped at a rest
area on a freeway, participants completed a questionnaire about thei r journey and their
sleep/wake patterns. They then perform ed a 30-minute test on a driving sim ulator. The
results show ed that fatigued drivers perfor med significantly worse than controls on the
driving test. Age and duration of driving were the main factors associated with decreased
performance (Philip, Taillard et al. 2003).

3.4 Causes of Fatigue

While the overriding cause of driver fatigue  is sleep loss, NHTSA lists anum  ber of
chronic predisposing factors and acute situational factors that increase the risk of drowsy
driving and related crashes:

e Driving patterns, including: driving between  midnight and 6 a.m .; driving a
substantial number of miles each year and/or a substantial n umber of hours each
day; driving in the mid-afternoon hours (especially for older persons); and driving
for long times without taking a break.

e Use of sedating medications, especially prescribed  anxiolytics, hypnotics,
tricyclic antidepressants, and some antihistamines.

e Untreated or unrecognized sleep disorders, especially sleep apnea syndrom e
(SAS) and narcolepsy.

e Consumption of alcohol, which interacts with and adds to drowsiness.

Stutts, W ilkins, et al. (2003) report that, “drivers in slee p-related crashes were more

likely to work multiple jobs, night shifts, or other unusual work schedules. They averaged
fewer hours of sleep per night, reported poorer quality sleep, were less likely to feel they
got enough sleep, were sleepier during the day, drove m ore often late at night, and had

more prior instances of drowsy driving. Co mpared with drivers in non-sleep-related
crashes, they had been driving for longer pe riods of ti me, had been awake m ore hours,
and had slept fewer hours the night before .” These findings are echoed by a num ber of
other authors, including Streff and Spradlin (2000), Brill et al. (2003), and Brown (1994).

Many drivers violate work-hour rules. Federa 1 regulations allow comme rcial drivers to
drive a maximum of ten hours before requiring an eight-hour period of rest. In addition,
drivers are not allowed to work for more than 70 hours in

an eight-day period. In a 1992 st udy by Braver et al., nearly th ree-quarters of the drivers
surveyed said they vio lated the “hours-of-service” rule and about two-th irds admitted to
exceeding the 70-hour lim it perm itted under regulations. Braver iden tified econo mic
factors as the prim ary reason for violation of these rules, citing factors including but not
limited to “tight delivery schedules and low payment rates.” (Braver et al. 1992)

3.5 Countermeasures

Many drivers in fatigue-related accidents are unaware of th eir fatigu e at the tim e of
collision. T here are several categories of counterm easures found in driver fatigue

literature including education, regulation of commercial driving hours, technology, and—
the most obvious counterm easure—sufficient rest. While techniques such as exposure to
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cold air, turning on the radi o, and eating are popular, they are only effective—at best—
for a short time (Horne and Reyner 1999). Two countermeasures that have been shown to
be effective are consumption of caffeine and taking a short nap (De Valck and Cluydts
2001, Garbarino et al. 2004).

The Rest Area Forum (1999) stressed educatio n as an 1 mportant m eans of addressing
driver fatigue. Most focus groups concluded that additional fatigue studies need to be
conducted, with results “targeted to receivers, shippers, carriers, insurance companies and
drivers.” While som e drivers stat ed that there is a real sho rtage of parking at rest areas,
others responded that drivers are not adequately no tified or infor med of truck parking at
rest areas. The forum found that som e driv ers “m iss stops entirely.” Consequently,
improving signage for rest areas

was one of the m ost popular

recommendations, using such F_
methods as “corridor signage, ITS 5

technology displaying real-time
information, uniform logo signage,
uniform lists and maps of truck rest
areas, and a rad io channel/national

information line” to provide
information (FHWA 1999).

The California Departm  ent of
Transportation recognized the need
to develop a plan to maintain and
expand its network of eighty-eight
roadside rest areas initially created Closed Safety Roadside Rest Area
beginning in 1962. In 2002, the

California Departm ent of Tran sportation Journal releaseda ~ Master Plan for Safety
Roadside Rest Areas to “guide their renovation and upgr ading and for adding new [rest
areas] where feasib le.” The study recomm ended constructing eighty new rest areas in
addition to creating “prim e goals” for rest areas includ ing increased s afety, security,
aesthetics, access, and opportunities for development (Berthelsen, 2002).

Brown (1997) noted that while there are seve ral reasons for giving serious consideration
to technological countermeasures, “their reliability under real traffic conditions is largely
unproven and they could be used by unscrupulou s drivers to support the continuation of
journeys that should have been terminated because of human impairment.”

Horne and Reyner in their 1999 study concu rred, stating that “the only safe
countermeasure to driver sleepin ess, particu larly when the driver reach es the stage of
fighting sleep, is to stop driving, and—for example, take a 30 minute break encompassing
a short (< 15 m inute) nap or coffee (about 150 mg caffeine), which are very effective
particularly if taken together. Exercise is of little use.” I't has also been shown that a 15-
20 minute nap is the “most effective way of rejuvenating” a driver (Garder 2002).
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As early as 1979, a study by Clark recomm ended that a driver sit comfortably because
“an incorrect posture can restrict oxygen intake.” He also recommended ten-minute stops
every hour, checking “vehicle in struments [to] mark the time,” and that “com panionship
is the best solution for boredom.” (Clark 1979).

3.6 Effect of Rest Areas on Fatigue & Necessary Rest Area
Characteristics

As discussed above , one of the factors identified by = NHTSA as increasing the risk of
drowsy driving and related cr ashes is driving for a long period without taking a break.
Rest areas were created as early as 1919 on st ate and interstate highways as a m eans of
providing motorists with a place to rest without having to leave the highway (King 1989).
However, often rest areas are closed for m aintenance or—during severe weather
conditions—filled to capacity with other motorists. As a result, som e truck drivers must
resort to f inding anoth er loca tion at which to park and rest, or m ust continue driving
without rest.

A 1996 study of public rest areas conducted by the Federal Highway Adm inistration
(FHWA) identified a shortfall of o ver 28,000 truck park ing spaces across the cou ntry.
Surveys of commercial drivers found that “90% ...perceived that there is a shortage of
truck parking facilities, particularly for long-term or ove rnight parking.” A m ajority of
those surveyed also preferred private truck stops for long-term or overnight stops, while
for short-term parking, a majority preferred public rest areas. Th e report noted, however,
that while private expansion of truck parki ng spaces may help ease the tight squeeze on
parking, pu blic and private res t areas are not necessarily “direct sub stitutes for each
other,” but are “com plementary.” The FHWA study added that th e cost of providing
enough parking for truck drivers co uld range from “$489 t 0 $629 m illion dollars,” and
that f ailing to “so lve the truck p arking s hortage could pose sign ificant risks to th e
traveling public by forcing ti  red drivers to continue driv  ing, or park in inherently
dangerous locations such as ram  ps and shoulders.” (FHWA 1996) This claim  was
supported by a 1996 study by the Am erican Trucking Association, which found evidence
that “in creasingly, tru ck drivers s eeking res t are parkin g illegally along high way
shoulders and entrance and exit ra mps, rather than at either public rest areas or private
truck stops.” (ATA 1996)

In June 1999, the Rest Area Forum was held in Atlanta, Georgia to discuss the
“availability and s afety of parking for co mmercial vehi cles.” Discussion included the
issue of ins tituting time limits at re st areas. Those in f avor of time limits argued that
allowing truck drivers to stay in their park ing spaces for as long as they wanted would
reduce turnover and force drivers who could not find adequate parkin g spaces to park
unsafely on the side of the highw ay or continue driving to th e next rest area, increasing
the possibility of a fatigue-related collisi on. T hose opposed to tim e limits argued that
imposing time limits on drivers would interrupt critical sleeping times. Stakeholders also
stated that elected officials som etimes in troduce city o rdinances tha t lim it the time
window during which truck deliveries can take place. These policies, along with shippers
requiring prompt or quick deliveries “im pose unreasonable delivery schedules” that may
contribute to fatigue-related collisions (FHWA 1999).
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Additional research has identified inconsistent spacing between rest areas. The Montana
Rest Area Plan noted th at rest areas were built alongsid e highways while the high ways
were being constructed, but ranged anywhere between twenty and eighty miles apart.

A Michigan State University study (1999) found a correlation between rest area distances
and the rate of single-vehicl e collisions. While the study fo cused on the public rest areas
commonly found on interstate routes (com pared with U.S. and state highways, which
feature m any private truck stops) and did not confirm a causal relationship in the
findings, the study did find that “the greater the distance between rest areas, the higher
the percentage of sing le vehicle truck crashes.” The re search team created a ‘h azard
model with a condition al probability format’ that found a “significant” increase in single
vehicle tru ck collisions once the distan ce between res t areas exceeded 30 m  iles.
Moreover, most single vehicle truck collis ions occurred between the hours of m idnight
and 8:00 a.m., which is when truck rest areas  are used heavily and “when truck driver
fatigue would most likely be a contributing factor” (Taylor 1999).

Other studies have also identified

problems correlating truck rest

areas and fatigue. In a survey of ;s-"_;fﬁ
truck dr ivers in New York in
1997, about four-fifths of
respondents said that they were
not able to find pa rking at night;
many of these drivers admitted to
falling asleep at the wheel. W hen
asked why they did not use public
rest areas, slightly over half of
respondents cited inadequate
parking, and others m  entioned
time lim it enforcem ents, prostitu tion, solicitation, lack of s ecurity, and poor quality or
expensive food (Koklanaris 2000). F atigue was also voted the number one concern at the
FHWA Truck and Bus Safety Summit held in 1995 (Graham 1998).

Truck Parked on the Side of the Highway

In 2002, a study by Che n, et al. analyzed the ne eds and preferences of truck drivers. The
survey of over two thousand drivers sought to “determine how truck drivers plan for and
address their parking needs and how truck dr  ivers select when, where, and at which
facilities they park.” Many of the self-identified “long-ha ul drivers” stat ed that they
preferred rest areas that “provide food, fuel, restrooms, phones, and showers.” Moreover,
safety and convenience were also considered important factors. Drivers tended to favor
private rest areas over public rest areas except when the drivers needed to nap for a short
period of time (Chen et al. 2002).
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The optim al distance between res t areas ha s been a subject of debate. The Rest Area
Forum recommended adopting a “uniform spacing standard” for rest areas. The Montan a
Rest Area Plan (WTI 1999) states that in 1985 Montana identified 70 miles as the target
spacing on roadways with over 750 vehicles pe r day or 100 miles on roadways with over
1000 vehicles a day, but Montana currently recommends a spacing of 54 m iles, or the
length of one hour of travel time. The Minnesota DOT identified a spacing of 50 miles as
“desirable.” The Am erican Asso ciation of Highway and Transportation Officials
recommend a distance of 60 m iles between rest areas (Perrault 2008). ' This is similar to
the findings from Garder’s study of truck drivers, which determined that a distance of 55
miles would be ideal. However, a Universi  ty of Maine study claim ed the distance
covered in one hour is too  long, and recommended a 30-m ile spacing between stops
(Garder 2002).

There is a Iso debate r egarding the elim ination of rest areas as a co st-saving m easure.
Over 50% of Garder’s survey  participants stated that saving m oney should not be
accomplished by clo sing down existing rest ar eas. However, younger surveyed travelers
approved of closing som e rest areas, as | ong as the m oney saved from closing them was
reinvested into the improvement of remaining rest areas (Garder 2002).

A detailed exam ination of rest areas could be a critical com ponent in ef forts to reduce
traffic collisions or other crashes that occur as a result of driver fatigue. As noted earlier,
drowsy driving and related crashes m ay be a result of driving for long periods of time
without resting. Comme rcial truck drivers w ho drive hundreds of m iles daily often fall
into this category. Many existing studies have identified inadequate parking and resting
facilities for drivers, as well as a correlation between sing le vehicle collisions and the
distance between res t areas, as issues that n eed to be add ressed. Creating a strategy or
plan for su pplying add itional pa rking via exp ansion or improvem ent of the res t area
network will add to this body of research and could be crucial in im proving the safety of
all drivers.

A detailed annotated bibliography is included in Appendix 1.

The following chapter explains the definitions of fatigue collisions used in the p resent
study.

! Perrault, Michael. “Yucaipa plan for I-10 rest area gets Calimesa’s attention.” The Press Enterprise.
January 5, 2008.
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4. DEFINITIONS OF FATIGUE COLLISIONS

Collision data were extracted f rom the Ca lifornia Highway Patrol’s (CHP) Statewide
Integrated Traffic Records Sy stem (SWITRS). From this database, collisions associate d
with driver fatigue were selected based on two different definitions: “strict” and
“expanded” fatigue collisions. For the strict  definition, only those collisions coded as
‘fatigue-related’ or those in which the party was coded as ‘sleepy/fatigued’ were identified
as fatigue-related. The e xpanded definition, however, also includes all collisions in which
the party was at fault, but was not dr unk or spee ding, experienced no ve hicle defect, and
either ran off the road, crossed into an opposing | ane or struck anothervehicle/fixed object
between the hours of 2 a.m. and 6 a.m. or 2 p.m . and 4 p.m. Note that the datasets defined
here are used in the analyses presented in chapters 5, 6, and 7.

4.1  Strict Definition Fatigue Collisions

Strict definition fatigue coll isions are tho se that sa tisfy eithe r one of the f ollowing
criteria:

e Primary collision factor is reported as “fell asleep”
e Party type indicates a driver was fatigued

The party infor mation in the second criterion is obtained from the SW ITRS party table.
The variable specifically consid ered is ““ pdrug” or Party Drug Phys ical. This variab le
indicates the physical s tate of the p ersons involved in the collis ion; whether they were
influenced by drugs other than alcohol, had any physical im pairment, or were sleepy or
fatigued. A value of ‘I’ indica tes that the party involved in the collision was sleepy or
fatigued.

4.2  Expanded Definition Fatigue Collisions

The expanded definition of fatigue collisi ons includes those in wh ich the party was at
fault, was not drunk or speeding, experienced no vehicle defect, and either ran off the
road, crossed into an opposing lane or struck another vehi cle/fixed object between the
hoursof2am .and6am .or2p.m .and 4 p.m.According to previous research,
underreported fatigue collisions have a set of common features:

Single vehicle collision

Driver at fault, driver not intoxicated or speeding

No defect in vehicle

Vehicle either crossed into opposing lane or ran off road preceding the collision
The vehicle struck another moving or parked vehicle

Horne, J. A. and L. A. Reyner (1995). "Sleep related vehicle accidents." Bmj 310(6979): 565-7.

Sagberg, F. (1999). "Road accidents caused by drivers falling asleep." Accid Anal Prev 31(6): 639-49.
Dobbie, K. (2002). Fatigue-Related Crashes: An Analysis of Fatigue-Related Crashes on Australian Roads
Using an Operational Definition of Fatigue. A. T. S. Bureau, Commonwealth Department of Transport and
Regional Services: 1-30.
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Analyses of both the strict an d expanded definitions of fatigue collisions were conducted
for this study, in order to verify and account for previous findings i ndicating that fatigue
collisions are underreported.

Table 1 su mmarizes the SW ITRS variab les used to id entify f atigue collis ions. The
collision and party variables ind icated in the table were exam ined and identified using a
‘flag.” If the at fault party was found to be sleepy or fatigued, or if the primary collision
factor was driver fatigue, the variable fatigue flagl was set to 1, if not it was set to 0. If a
collision record satisfied all of the variables (other than primary collision factor = E and
party drug physical =1), the collision was identified as  potentially being a fatigue
collision. For example, a single-vehicle collision in which the driver was at fault and was
not intoxicated, there were no unusual weather or road conditions, the vehicle ran off the
road or into an opposing lane, and in which the collision occurred either between 2 a.m .
and 4 a.m. or 2 p.m. and 4 p.m. was identified as potentially being a fatigue collision.

Table 1. SWITRS Variables Used in Defining Fatigue Collisions

Condition SWITRS variable = value Fatigue Definition
1 ggg;ry Collision PCF =E (sleepy or fatigued) IF 1 OR 2 = Strict
2 Party  Drug Physical | Pdrug =1 (sleepy or fatigued) Definition of Fatigue
3 | Weather Normal Weatherl = A (clear)
Road Condition Rdcondl = H (no unusual
4 ..
Normal condition)
5 | Driver at Fault Ptype =1 at fault=Y
Pviolcat NOT = 20 or 25
20: Driving or Bicycling Under
6 Party  Violation the Influence of Alcohol or Drug ‘ N
25: Unsafe Speed Strict Definition of
Fatigue
Other Associated . OR
7 Factor Oafl NOT =K (vehicle defect) (IF3 AND4 AND 5
AND 6 AND 7 AND
Involve=C, D, E, I or J 8 AND 9 AND 10) =
€ - Other Motor Vehicle Expanded Definition
Motor Vehicle D - Motor Vehicle of Fatigue
8 Involved in on Other Roadway
Collision E - Parked Motor Vehicle
I — Fixed Object
Movement of C - Ran Off Road
9 | Vehicle Preceding N - Crossed Into
Collision Opposing Lane
10 | Time of Collision é;r;pt(;n“ ‘?(;rill.p.m.
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5. STATEWIDE FATIGUE-COLLISION ANALYSIS

Collision data for the eleven years between 1995 and 2005 were analyzed to find patterns in
fatigue-related cras hes. The data included crash severity, alc ohol i nvolvement, urba nicity,
and yearly, monthly, and daily trends. For each of t hese analyses, fatigue-related collisions
were identified following both the ‘strict definition” and the ‘expanded definition.’

A total of 2,203,789 casualty collisions were observed over the eleven-year period.
According to the strict definition, 1.3% of th ese were classified as fatigue-related; while
according to the expan ded definition, 9.7% w ere classified fatigue-related. Of all the
observed co llisions, 1.7 % were fatal, 5.4% involved m ajor injury and 92.9% involved
minor injury. Am ong fatigue-related collisions accord ing to the strict definition, 2 .7%
were fatal, 9.0% involved m ajor injury, and 88% involved minor in jury. Thus, a greater
percentage of fatigue-related co llisions were fatal or invol ved major injuries compared
with to tal ¢ rashes. However, whe n f atigue-related cr ashes were iden tified us ing the
expanded definition, 1.9% were fatal, 5.4% involved m ajor injury and 92.9% involved
minor injury, approxim ating the overall per  centages by severity for all crashes.
Summarized crash severity data are listed in Appendix 2.

250,000

200,000 4

150,000 A

O Total

B Expanded definiton
@ Strict definiton

100,000 -

Number of crashes

50,000 -

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Years

Figure 1. Trends in Collision Statistics, Overall and Fatigue-Related

Figure 1 shows trends in collis ions for each year. The total number of collisions
decreased in 1997 and then increased until 2001. After 2001, there was another
progressive reduction. Between 1995 and 2001 fatigue-related collisions com  prised a
higher percentage of overal 1 collisions. Since 2002, the pr  oportion of fatigue-related
collisions has declined, by 0.1 to 0.2% usi ng the strict definition, and by 2.0 to 4.0%
using the expanded definition. Coding methods may have changed in 2001.
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The following subsections summarize the characteristics of fatigue-related collisions for
each definition (strict and expanded). All tables referenced in this section, as well as more
detailed information based on the expanded definition, can be found in Appendix 2.

Number of Collisions by Month

Using the strict definition, the num ber of fa tigue-related collisions is highest during the
summer months (June through Augus t) and lowest in the wint er months of January and
February. T he num ber of collis ions rem ains high in late summer and early f  all, i.e.,
August through October (198,789 in October) and is also high in the month of December.
Furthermore, f atigue co ntributes to a high er p ercentage o f collis ions in the su mmer
months than in the winter months (Table A2.5).

Using the expanded definition, the larges t num ber of fatigue-related collis ions occurs
from July to October. These are a Iso the months in which fatigue contributes the most to
collisions. The lowest n umber of collisions occurs in January and Febru ary, and fatigue
contributes the least to collisions during th ese months compared with all other m onths
(Table A2.6).

Number of Collisions by Day of the Week

The total number of collisions on a given day of the week totaled ove r the eleven y ears
ranged from 264,149 to 361,744. Fridays regi stered a higher number of crashes
(361,744), and Sundays a lower number (264,149). However, fatigue contributed the least
to collisions on Fridays (1.0%), and the m  ost on Sundays (1.9%), following the strict
definition. Saturdays also registered a high percentage (1.6%) of fatigue-related collisions
(Table A2.7).

Fatigue-related collision s according to the expanded definition con tributed to a higher
percentage of all collisions on Saturdays (10.4%) and Sundays (11.3%) (Table A2.8).

Number of Collisions by Hour of the Day

Whereas the majority of collisions took place between 7 a.m. and 7 p.m., these were the

hours during which fatigue contributed the le ast, from 0.4% to 0.9% following both the

strict and the expanded definition. One ex  ception under the expa nded definition was

during the two hours after 2 p.m ., in which a ve ry high percentage (43.0% to 43.2%) of
the collisions were fatigue-related (Table A 2.9). This is in the range of rates observed
during the peak of fatigue-related collisions, between 2 a.m. and 6 a.m.

Using the strict definition, peak hours for fa tigue-related collisions were between 3 a.m .
and 6 a.m. (Table A2.10).

Primary Collision Factor

The most common primary collision f actor for all observ ed crashes was unsaf e speed,
followed by factors involving autom obile right-of-way, and improper turning. Confusion
related to traffic signals a nd signs, and driving under the in fluence of alcohol or drugs
were the next m ajor factors. The highest nu mber of f atigue-related collision s (str ict
definition) resulted from i mproper turning, follo wed by unsafe speed and driving on the
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wrong side of the road. Am ong these collis ion causes, fatigue (strict definition)
contributed the most (2.9%) in collisions due to improper turning, followed by driving on
the wrong side of the road (Table A2.11).

Under the expanded definition, the greatest numb er of fatigue-related collisions resulted
from unsafe speed, followed by fact ors related to autom obile right-of-way and im proper
turning. Of the total number of collisions for each category, fatigue was a contributing
factor most often for collisions due to im proper turning (13 .8%), following too closely
(10.5%), driving or bicycling under the influe nce of drugs or alcohol (10.4%) and unsafe
speed (10.1%) (Table A2.12).

Truck Collisions
Truck collis ions constituted 4.4% of the to  tal num ber of collis ions. Fatigue (s trict

definition) contributed to a higher percentage (1.9%) of truck collisions than to collisions
of all vehicle types (1.3%) (Table A2.13).

According to the expanded definition, fatigue contributed to 11.3% of truck collisions
compared with 9.7% of collisions of all vehicle types (Table A2.14).

Alcohol Involvement
Of all collisions, 10.9 % involved alcohol. H owever, fatigue (strict definition ) was a

contributing factor in only 0.9% of alcohol-i nvolved collisions, com pared with 1.3% of
all collision types (Table A2.15).

Following the expanded def inition however, fatigue -related collis ions contributed to
9.8% of alcohol-involved collisions compared with 9.7% for all collisions (Table A2.16).

Urbanicity

Of all collisions, 22.1% were rura 1. Fatigue (strict definition ) contributed to m ore than
twice the percentage (2.8%) of  rural collisions than to  all collisions (1.3%) (Table
A2.17).

Similarly, following the expande d definition, fatigue cont ributed to 12.0% of rural
collisions and to 9.7% of all collisions (Table A2.18).

State Highway Status
Of all collisions in which the highw ay status was known, 31.1% were on state highw ays.

Fatigue (strict def inition) contr ibuted to a m uch higher nu mber of collisions on s tate
highways (2.2%) than to collisions overall (1.3%) (Table A2.19).

Fatigue contributed to a highe r number of collisions on st ate highway ( 11.2%) than to
collisions overall (9.7%) under the expanded definition as well. (Table A2.20).
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Fatigued Party Culpability

In fatigue-related collisions of known culpability, 88.0% of  the fatigued parties (strict
definition) were found to be at fault (Tab le A2.21. Using the expanded definition, 9 8.9%
of the fatigued parties were found to be at fault (Table A2.22).

Fatigued Party Road User Type

Using the strict definition, the fatigued party in 99.5% of the collis ions was the driver,
while only very rarely was the fatigued part y a pedestrian or bicyclist (Table A2.23).
Under the expanded definition, the fatigued pa  rty in 99.9% of the collisions was the
driver (Table A2.24).

Fatigued Party Age

Drivers 15 to 24 years of age constituted th e largest share (39.0%) of fatigued parties in
fatigue-related collisions (strict definition). This was followed by drive rs aged 25 to 34
(21.6%), aged 35 to 44 (15.4%), and aged 45 to 54 (10.4%). The rate continued to drop
with age (T able A2.25). The sam e pattern wa s observed for fatigue-r elated collisions
under the expanded definition. Drivers aged 15 to 24 years constituted 30.5% of fatigued
parties in collisions, and the rate again decreas ed with each increas ing age cohort (Table
A2.26).

Fatigued Party Race

Race was n ot stated fo ra m ajority of fati gue-related collisions (68.7 % in the strict
definition case and 64.5% in the expanded definition case). Of the drivers whose race was
known, 50.6% were white and 27 .6% were Hisp anic, when the strict defin ition was
applied (Table A2.27). Under th e expanded definition, 48 .3% were white and 3 1.9%
were Hispanic (Table A2.28).

Fatigued Party Sobriety

The sobriety of the driver was not known for 34.9% of the strict fatigue-related collisions.
The percentage was much lower (4.9%) und er the expanded definition, since this
category included collisions in which the party was ‘not drunk.”  Under the strict
definition, 88.3% of the fatigued parties of known sobriety had not been drinking, w hile
only 4.8% had been drinking and were under the influenc e (Table A2.29). Under the
expanded definition, 82.2% had not been dr inking, while only 7.3% had been drinking
and were under the influence (Table A2.30).

Restraint Use
Applying the strict definition, restraints we re used in 91.0% of fatigue-related collisions
(Table A2.31). Under the expanded definition this percentage was 94.6% (Table A2.32).

Fatigued Party Violation

The occurrence of a violation was known for approximately one-fourth of fatigue-related
collisions. Of the known viol ations under th e strict definition, 45.1 % were du ¢ to
improper turning, 23.5% to driving at an unsafe speed, and 18.8% were due to driving on
the wrong side of road (Table A2.33). Using the expanded definition, 45. 6% were due to
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improper turning, 15.8% to driving on the wrong side of the road, and 6.3% to an unsafe
lane change (Table A2.34).

Fatigued Party Preceding Movement

Under the strict definition, 41.6% of the fa tigued parties ran off the road, while 37.3%
were proceeding straight prior to the co llision (Table A2.35). Using the expanded
definition, 49.6% were proceed ing straight prior to collision, 15.1% w ere making a left
turn, and only 10.8% ran off the road (Table A2.36).

Fatigued Party Vehicle

Using the strict definition, 71.2% of the vehicles involved in fatigue-related collisions

were passen ger vehicles; under the expanded d efinition, the rate was 7 0.5%. Pickup or
panel trucks comprised 21.3% (s trict definition) and 18.8% (expanded d efinition) of the
vehicles. (Table A2.37, Table A2.38).
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6. SPATIALANALYSIS —WITHIN 10 MILES OF REST
AREAS

The spatial analys is presented h ere studied collision rates w ithin 10 miles upstream and
downstream of rest areas in  both directions of I-5 (from Kern county to the O  regon
border). The same spatial analysis was performed on collisions in both direc tions of SR-
101. A total of 23 rest areas were included in the analysis, and results are presented in the
appendix. Fatigue-related and non-fatigue-relate  d collisions were com  pared in the
analysis, excluding collisions that were Property-Damage-Only (PDO).

Detailed information regarding location, direction, county and postmile of rest areas on
I-5 was extracted from multiple sources including the Caltrans website, TASAS geometry
database, a nd CalNexus. Collis ion data wer e extra cted f rom the Calif ornia Hig hway

Patrol’s Statewide Integrated Traffic Records System (SWITRS) from 1995-2005. From
this database, strict and expanded fatigue collisions were analyzed.

6.1 Methodology

To identify spatial patterns of fatigue collisions, collision rates were calculated every 0.2-
mile interv al from stric t and expan ded de finition f atigue datase ts. Co llision rates are
defined as follows:

& of Accidents in 0.2 mile segment X 10¥

Length of segment X 'd'df L af years ef data

Colllzslon rate permile =

The collisio n rate d efined here rep resents the num ber of collisions p er 100 m illion
(19%) vehicle miles traveled. AAET represents Annual Average Daily Traffic, the annual
average number of daily vehicles traveling in both directions. To obtain traffic volum e
for a single direction, AAZT was divided by 2. AADT data from 2006 was used for
analysis (Source: Caltrans http://traf fic-counts.dot.ca.gov/2006all.htm, 1 ast accessed on
05/07/08).

To balance statistical fluctuations inherent in the spatial dist ribution of collisions across
segments, the collision rates in every 0.2  mile segm ent were then smoothed out by a
moving average with a 2-mile window that averaged one mile upstream and downstream
of each segment.

6.2 Results for I-5

Collision rates per mile on all freeway segments were totaled across both directions, and
then divided by the total num ber of collisions (i.e., a total sample of 23 collisions would
represent 11 from northbound and 12 from southbound). These aggregated results are

presented in Figures 2 and 3. Figu re 2 show s the resu lts of str ict d efinition f atigue
collisions and all oth er collisions and Figure 3 s hows the re sults of expanded definition
fatigue collisions and all others . The traffic in the figures is shown m oving from left to
right. In eac h figure, a thin curve d enotes fatigue-related collisions and a dotted ¢ urve
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represents other collisions. The y-axis on the left shows the rates of other collisions; the
right y-axis shows the rates of either stri ¢t or expanded definition f atigue collisions.
Location 0 in the x-axis indicates the location of rest areas. Horizontal lines in the figures
indicate average collision rates of fatigue-related or other collisions.

The figures show that strict and expanded definition f atigue collisio n rates de crease
slightly downstream of rest areas with no visi ble changes in collis ion rates due to other
factors. In general, curves for fatigue-related collisions lie above the horizontal lines (the
averages) upstream of rest areas, but this pa ttern is reversed downstream of rest areas.
The aggregated results suggest that rest areas are effective in reducing drivers’ fatigue.

Figure 4 shows the percentage of strict and expanded definition fatigue collisions per 0.2-
mile segm ent. Strict d efinition f atigue co llisions are denoted by solid curves, while
expanded definition collisions are represented by dotted curves. Horizontal lines show the
average percentage of both types of fatigue collisions over 20 m iles. The percentages of
both strict and expanded definition fatigue collisions decrease downstream of rest areas.

Results of the analysis of individual freeway segm ents on -5 can be found in the data
appendix.
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Figure 2. Strict Definition of Fatigue:
Aggregated Collision Results of 23 Rest Areas Over 11 Years
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Figures 2, 3, and 4 show that fatigue collision rates decrease downstream of rest areas. To
measure the statis tical significance o f these ch anges, two sample t-tests were perform ed
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Figure 3. Expanded Definition of Fatigue:
Aggregated Collision Results of 23 Rest Areas Over 11 Years

w 35 !
c |
Q h)
‘w30 - ;-..'l‘ 1 ,
= Expanded~/ , AN
[<] n ! v\ 1 27\
o 25 - AW “ ’ " N
TN i el il o A S s o
& 0 NV PR | R VRO .
?Ul ‘\'\ "‘1 ‘\.J"
— /-\/\/\-V\’\’\ vy h
s 15 1 - /V\m =~
QJ . W
& 10 | Strict
E= |
g s i
] |
o
O T I: T 1
-10 -5 0 5 10

Fatigue Collisions/100 million VMT

Relative location from rest stops (Traffic from Left to Right) [miles]

Figure 4. Percentage of Aggregated Strict and Expanded Definition

Fatigue Collisions, Northbound

on the collision rate data; their results are shown in Table 2.

The t-test assum es that the underlying random variables follow a norm
Note that the aggregated collision rate data (per 0.2 mile) are comprised of the average of
25 rest areas, and therefore closely follow normal distributions as stated in Central Limit
Theorem. But to further ensure the norm ality, the cumulative distributions (CDF) of the

samples were compared with normal distributions (see data appendix) and Kol mogorov-
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Smirnov tests > were perf ormed. The visual com parison of two CDF indicate that the
distribution of the data generally follow the normal distribution. In addition, the p-values
of Kolmogorov-Smirnov tests (shown in table 2) indicate that the norm ality assumption
of the collision r ates can be justif ied. Two- sample t-te sts were the n perf ormed to
determine whether the upstream and downstream collision rates differ significantly.

Ho 3§—10 = ﬁ+10
H, R0 >Ry

.. R, —R
Test statistics = t = _;0 “02
\/ SD’,, , SDi,,
n—lO n+10

Here, ﬁ—lo and SD ,, respectively indicate the m ean and the standard deviation of the
0.2-mile average collision rates within 10 m iles upstream of rest areas, and R,,, and
SD,,, are the m ean and the standard deviati on of the 0.2-m ile average co llision rates
within 10 miles downstream of rest areas. The number of samples for each direction is 50
(10 miles/0.2 mile). The test results (p-value) indicate that all four types of collision rates
(strict fatigue, strict other, expanded fatigue, and expanded other) decreased significantly
with a significance level of alpha=0.05. The results suggest that rest areas are effective in
reducing the number of all types of collisions within a vicinity of 10 miles.

Table 2. Summary of Test Statistics for 10-Mile Up/Downstream Fatigue Collisions

Strict Fatigue Strict Other Exp. Fatigue Exp. Other
Up Down Up Down Up Down Up Down
Mean 2.26 1.97 13.59 | 12.80 3.71 3.32 12.06 | 11.45
SD 0.4275 1 0.3629 | 1.0780 | 0.6626 | 0.7524 | 0.4031 (.9450 0.7606
P-value of
Kolmogorov-

. 0.2782 | 0.6808 | 0.1682 | 0.9031 | 0.9458 | 0.4213 (.6725 0.9597
Smirnov test

for normality

t-stat of two-

3.674.15 3.23 3.54
sample test
P-value of
two-sample 1.95E-04 3.57E-05 8.54E-04 3.10E-04
t-test

3 The Kolmogorov-Smirnov test is used to ascertain whether samples follow a specific distribution (e.g.,
normal). For the normality test:

H,, Null hypothesis: the data follow the normal distribution

H,, Alternative hypothesis: the data do not follow the normal distribution
If p-value is lower than the level of significance (e.g.,0.05), then the null hypothesis is rejected.
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Two sample t-tests were perform ed on the pe rcentages of the average fatigue collision
rates (per 0.2 mile) to d etermine whether they were significantly higher within 10 miles
upstream than within 10 miles downstream.

Ho :P0=Pio
Hy Py >Puo
.. P.,—P
Test statistics = t=%
sD2, , SD2g
N_io T

Here, P, and SD ,, respectively indicate the m ean and the standard deviation of the
0.2-mile average percentages of co llision rate s within 10 m iles upstream of rest areas,
and P,,, and SD,,,are the m ean and the standard de viation of the 0.2-mile average
percentages of collision rates within 10 miles downstream of rest ar eas. The num ber of
samples for each direction was 50 (10 mile/0.2 mile).

The results of the t-tests are shown in Table 3. The percentages of strict fatigue collision
rates become lower downstream of rest ar eas, at a 0.05 significance level. For the
expanded d efinition f atigue co llisions, the re were no s ignificant dif ferences be tween
downstream and upstream.

Table 3. Summary of Test Statistics for 10-Mile Up/Downstream Fatigue Collisions

Percentage, Strict Fatigue Percentage, Expanded.Fatigue

Up Down Up Down
Mean 14.27 13.30 23.43 22.51
SD 2.4430 2.3322 3.8474 2.8294
P-value of
Kolmogorov- 0.3873 0.5244 0.9679 0.9868
Smirnov test for
normality
tstat of 2.0196 1.3562
two-sample test
P-value of
two-sample 0.0231 0.0891
t-test

To further c onfirm that the per centages of fatigue collisions within 10 miles upstream
were significantly higher than those within 10 m iles downstream, two sam ple binomial
tests were performed on the collision data.
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Ho P10 = Piro
Hi P10 > Piio
Test statistics = z= P10~ Puro
\/ Pojox(1=p_j0) n P.10 % (1= Pyp0)
N_jo N0

In the equation, p_,, indicates the percentage of fatigue collisions within 10 miles of rest
areas and p,,, represents the percentage of fatigue collisions beyond 10 m iles of rest
areas. The data used here are not the collis ion rates, but the num ber of fatigue and non-
fatigue collisions within 10 miles of rest are as. The data and the results of the binom 1al
test are shown in Tables 4 and 5. The result s indicate that the percentage of fatigue
collisions within 10 miles downstream are significantly lower than for 10 miles upstream,
with 0.05 significance level, suggesting that ~ rest areas are effective in reducing the
number of fatigue collisions.

Table 4. Test Statistics on Aggregated Strict Fatigue and Other Collisions

# of Fatigue # of Non-Fatigue Percentage of
Collisions Collisions Fatigue Collisions
10 miles upstream 255 1639 15.56 %
10 miles downstream 227 1727 13.14 %
Z statistics 2.1355
p-value 0.016

Table 5. Test Statistics on Aggregated Expanded Fatigue and Other Collisions

# of Fatigue # of Non-Fatigue Percentage of
Collisions Collisions Fatigue Collisions
10 miles upstream 428 1462 29.28 %
10 miles downstream 403 1553 25.94 %
Z statistics 2.3068
p-value 0.011
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7. SPATIALANALYSIS — COLLISIONSAS A
FUNCTION OF DISTANCE FROM REST AREAS

The spatial analysis in  this chap ter exam ines strict and expa nded definition fatigue
collisions, a s well as ¢ ollisions ca used by oth er factors. The f ocus is on the sp atial
patterns of fatigue-rela ted collis ions between two successive rest are as; how dista nces
traveled by drivers from rest areas influenced the likelihood of fatigue collisions.

7.1 Methodology

The objective of the present st udy is to qualitatively identify unique effects of drivers’
fatigue on collision densities—the number of collisions per mile—between rest areas. For
this purpose, oblique cumulative collision counts due to fatigue and non-fatigue factors
were constructed between rest areas in ea ch direction of I-5, 8, 10, and CA-101 in the
following manner:

Step 1. Collisions that occurred in both directions between two rest areas were sorted by
the distance drivers traveled between the origin rest area and the destination rest area.

Step 2. The cumulative counts of collis ions due to fatigue and non-fatigue factors were
constructed with the x -axis representing traveled distances from the origin res t area, as
shown in Figure 5.
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Figure 5. Cumulative Collision Counts Due to Fatigue and Non-Fatigue Factors

Step 3. A secondary vertical axis was added on the left for fatigue collisions. The number
of non-fatigue collisions is significantly higher than that of fatigue collisions. As a result,
if they are plotted in the same scale, changes in fatigue collisions are barely noticeable.
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Figure 6. Comparison of Cumulative Collision Counts (Step 3)

Step 4. The cumulative count curves were plotte d on an oblique coordinate system so
that changes in the slopes (collision densities) of the curves were amplified and visible to
the naked eye. This pro cess involved subtracting a constant arbitrary co llision rate from
the cumulative counts:

cthlqueE@ = ﬂ-:vr'l.gl::ra.l [:f‘i.l —-q X Ed_ dl}:l

where

Cobtiqus (4) = cumulative counts at a distance d in an oblique coordinate system

C i
aeigiast (4 = cumulative counts at a distance d from the step 2

g = a background rate, a constant arbitrary collision rate
d = distance from the origin rest area
d, = location of the origin rest area, which equals 0.
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Figure 7. Obliqgue Cumulative Collision Counts (Step 4)
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In the figures, traffic is shown m oving from origin rest areas (where traveled d istances
are 0 in x-axes) to the right.  Also, the y-axes of these plot s should be interpreted with
caution; th ey indica te c umulative c ollision counts minus ¢ * (& — &}, because of the
rescaling process in step 4.

In addition, various factors such as Annual Average Daily Traffic (AADT) and geometric
configurations influenced both fatigue and non- fatigue collisions, while drivers’ fatigue
affected only fatigue collis ions. This study did not explicitly incorporate various factors
in the analysis, but it implicitly isolates the effect of drivers’ fatigue from other factors by
comparing the cum ulative counts of fatigue collisions with the non-fatigue counterpart.
For exam ple, if there was a change inth e slope of the cum ulative counts of fa tigue
collisions at a certain location, with no change in non-fa tigue collisions (or vice versa), it
was assumed that this difference was triggered solely by drivers’ fatigue.

7.2  Analysis of Aggregated Collision Data

Collision data from 34 freeway seg ments of I-5, 8, 10, and CA-101 were aggregated to
identify general spa tial patterns o f f atigue collis ions. T hese f reeway sections have
different traffic volum es, num ber of lanes, an d other geometric fact ors, however, it is
assumed that these factors influence both fati gue and non-fatigue collisions. Therefore, if
there is a u nique spatial pattern found in fatigue collisions that doe s not appear in non-
fatigue co llisions, th e d ifference is determ ined to be caused by driver fatigue. T he
purpose of this analysis is to identify a unique spatial pattern in fatigue collisions.

The length of freeway segm ents between tw o rest areas varied am ong the study sites,
ranging from 21 m ilesto 335 m iles. Inthe case of longer freeway segm ents, it is
reasonable to assume that there are equivalent numbers of rest areas in between. In fact,
FHWA (FAPG NS 23 CFR 752 N on-Regulatory Supplement) recomm ends the spacing
of an hour's driving tim e or less between tw o rest areas unless an extenuating
circumstance can be established. To avoid possible distortions caused by including longer
freeway sections without rest areas, collision data from 34 freeway segments with lengths
of less than 80 m iles between res t areas we re aggregated into one dataset and then
analyzed.
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Figure 8. Discount Factors for Cumulative Collision Counts

In the aggregated dataset, all freeway segments generate collision data in the downstream
vicinity of the orig in rest area. Ho wever, as distance from the origin rest area in creases,
fewer freeway segments contribute to the data because of the differences in their len gths.
For this reason, when collisions from such locations are weighted with the same extent —,
collision densities in the aggregated dataset decrease as the traveled distance increases.

In light of this, discount factors ( 1/the number of freeway segments longer than a certain
distance) were m ultiplied by cum ulative numbers. Figure 8 shows the discount factors
used in this study for the aggregated dataset. As Figure 8 shows, the discount factor up to
25 miles is 1/34, which is the reciprocal of  the total num ber of freeway sections. The
discount factor beyond 67 miles is 1, indicating that there was only one freeway segm ent
of this length.
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Figure 9. Oblique Cumulative Collision Counts Based on the Strict Definition
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Figure 10. Oblique Cumulative Collision Counts Based on the Expanded Definition

Figures 9 and 10 were generated using the m  ethods described above for the strict and
expanded d efinitions of fatigue Thick curves repres  ent co llisions due to non-fatigue
factors, while th in ones repres ent collis ions du e to fatigue. Two differ ent backg round
rates for fatigue and n  on-fatigue collis ions are used because of higher non-fatigue
collision densities. This difference in rates is used only for scaling purposes—changing
slopes—and does not affect any data integrity.

In both figures, collision densities—the sl ope of the curves—of  fatigue collisions
increased at about 30 m  iles downstream from the origin rest area, while collision
densities of non-fatigue collis ions decreased. The dotted vert ical lines in the figures
indicate th e location o fthe m arked cha nge in collision dens ities. One possible
explanation for these ph enomena is that d rivers were m ore exhausted as they traveled
further from rest areas, resulting in increased fatigue collision densities at about 30 m iles
downstream. The pattern was repeated in each freeway section and is discussed in greater
detail in the appendix. W  hen exa mined i ndividually, the densities of fatigue-related
collisions tended to in crease at approximately 20 to 40 m iles downstream of the origin
rest area.

Interestingly, these collision patterns m ay be caused by geo metric factors. It is possible
that roadway environm ent and design within 30 m iles of rest areas are significantly
different from the environm ent and design be yond 30 miles downstream. It is likely that
segments within 30 miles of rest areas are likely to be in urban, m ore densely populated
areas, while areas b eyond 30 m iles are likely to be rural. This factor m ight cause the
increases in fatigue collisions and the decreases in non-fatigue collisions beyond 30 miles
of rest areas.

Itis also p ossible that these ph enomena may be triggered by inaccu racies in po lice
reports. Drivers may be reported as fatigued in collisions that occur further downstrea m
from rest stops, leading to the over-reporting of fatigue collisions and the under-reporting
of non-fatigue collisions after 30 miles.
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To determine the s ignificance level of the chan ges in co llision densities, two-sample t-
tests were performed on fatigue collision density data per mile.

Ho :D30=D.3
H; 1 D30 <Dys0
B730 _ B+30

Test statistics = t= ; ;
SD% n SD230

N_30 N30

Here, D_;, and SD_;, respectively designate th e mean and the standard deviation of the
I-mile average fatigue collision densities within 30 miles downstream of rest areas, and
D,;, and SD,;, represent the m ean and the s tandard dev iation of th e 1-m ile av erage
fatigue collision densities beyond 30 m iles downstream of rest areas. The data analyzed
for this study were the averages (the sum) from the freeway segm ents, which
approximated the normal distribution by Central Limit Theorem. The number of freeway
segments decreased from 34 to 1 as traveled distances increased; when traveled distances
were longer than 67 miles, the average collision densities were, in fact, based on only one
freeway section, no tth e sum of random vari ables. Therefore, the collis ion den sities
beyond 67 m iles were not likely to follow the norm  al di stribution. For this reason,
collision densities beyond 67 m iles were trunc ated and eight strict definition fatigue
collisions in this region were excluded.

T-test results with the findings of Kolm ogorov-Smirnov tests are shown in Table 6. The
test results (p-value) show that the a verage of the fatigue collision densities significantly
increased beyond 30 miles downstream of rest areas.

Table 6. Summary of Test Statistics for 30-Miles Within/Beyond Rest Areas

1-Mile Collision Densities, 1-Mile Collision Densities
Strict Fatigue Expanded Fatigue

Within 30 Beyond 30 Within 30 Beyond 30

Mean 1.09 1.51 1.54 1.86

SD 0.2105 0.5167 0.2343 0.4499

P-value of

Kolmogorov-Smirnov 0.2923 0.9515 0.6697 0.7607

test for normality

t-stat of two-sample test -4.4061 -3.7965

P-value of

two-sample 2.81E-0.5 1.81E-04

t-test
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In addition, to determ ine whether there were any significant changes in the densities of
other types of collisions, two-sample t-  tests were perform ed on 1-m ile non-fatigue
collision density data.

Hy :D(0)_3=D(0).3
H, 55(0)-30 > 5(0)+30

B(0)—30 - B(0)+30
\/ SD(©)s , SD©)3s
N_39 N30

Test statistics = t=

Here, D (0) 3, denotes them eanand SD(0)_s, indicates the standard deviation of the
I-mile average non-fatigue collision densities within 30 miles downstream of rest areas,
and D(0) 430 and SD(0),;, represent th ¢ m ean and the sta ndard deviation of the 1-m ile
average non-fatigue collision densities beyond 30 miles downstream of rest areas.

The resu lts of the tests are shown in Tab le 7, and ind icate th at non- fatigue co llision
densities within 30 miles downstream are significantly higher than those beyond 30 miles,
with a significance level of 0.05. This patte  rn was the opposite for fatigue collision
densities.

Table 7. Summary of Test Statistics for 30-Miles Within/Beyond Rest Areas

1-Mile Collision Densities, 1-Mile Collision Densities,
Strict Non-Fatigue Expanded Non-Fatigue

Within 30 Beyond 30 Within 30 Beyond 30

Mean 9.78 8.88 8.68 7.70

SD 1.8069 2.3955 1.6815 2.2438

P-value of

Kolmogorov-Smirnov 0.8016 0.8618 0.9025 0.5767

test for normality

t-stat of two-sample test 2.0943 2.5018

P-value of

two-sample 0.0201 0.0075

t-test
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Figure 11. Percentage of Collisions, Strict Definition of Fatigue
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Figure 12. Percentage of Collisions, Expanded Definition
of Fatigue: 34 Rest Areas, 11 Years Data

Figures 11 and 12 show the percentages of fatigue collisions in 1-mile intervals, from the
strict and the expanded aggregated datasets. The percentage of non- fatigue collisions in
each interval is 100% minus the percentage of fatigue collisi ons. Horizontal lines in the
figures indicate th e average percentage of fatigue collisions over the entire freeway
segment. The figures rev eal the same pattern shown in Figures 9 and 10. The percentage
of fatigue collisions increased at about 30 miles downstream from the origin rest areas in
both figures. Fluctuations at about 60 m iles were caused by low sample sizes, which can
be seen in Figure 8.
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With these percen tage data, two-sa mple binomial te sts we re perf ormed to determine
whether the percentage of fatigue collisions beyond 30 miles downstream from rest areas
was significantly higher than the percentage within 30 miles downstream.

HO “ P50 = Paso
Hl : p—30 < p+30
Test statistics = Z= P30 — Piso
\/ Pso X (1= Pso) | Puso X (1= Pxo)
N30 N30

In the above equation, pP_,, indicates the percentage of fatigue collisions within 30 miles
downstream of rest areas and p,;, represents the percentage fatigue collisions beyond 30
miles downstream of rest areas. The test statistics z follows standard normal distribution.
The results of the s tatistical tests on strict and expanded fatigue collisions are show n in
Tables 8 and 9. The results show that both p-values are almost 0. Therefore, the results of
two-sample binomial tests indicate that the percentages of both types of fatigue collisions
beyond 30 miles downstream of re st areas are significantly higher than those within 30
miles downstream.

Table 8. Fatigue and Non-Fatigue Collisions Within/Beyond 30 Miles of Rest Areas,
Strict Definition: 34 Rest Areas, 11 Years Data

# of Fatigue # of Non-Fatigue Percentage of
Collisions Collisions Fatigue Collisions
Within 30 miles 1001 9017 11.10 %
Beyond 30 miles 706 4268 16.54 %
Z statistics -8.87
p-value 3.60E-19

Table 9. Fatigue and Non-Fatigue Collisions Within/Beyond 30 Miles of Rest Areas,

Expanded Definition: 34 Rest Areas, 11 Years

# of Fatigue # of Non-Fatigue Percentage of
Collisions Collisions Fatigue Collisions
Within 30 miles 1413 7987 17.69 %
Beyond 30 miles 8753739 23.40 %
Z statistics -1.75
p-value 4.71E-15
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8. REST AREA CLOSURES

The impact of rest area closures could not be assessed in the present study due to lack of data.

Freeway II{\L 2?2;;2 Closure Information Cll)(?;: d District County
15N Valley Closed for upgrades, | April 8 San Bernardino
Wells expected to open 2006
August 2008
15S Valley Closed for upgrades, 8 San Bernardino
Wells expected to open
August 2008
40E John Closed for upgrades, | October 8 San Bernardino
Wilkie expected to open 2006
May 2008
46E Shandon Closed for 5 San Luis Obispo
approximately 20
days from roughly
September 21, 2004
to October 12, 2 004
for a roof
repair project
101S Mopss 1/4/2006 Augus 1 Mendocino
Cove 2006
101N Iryine Partially closed from | May 1 Mendocino
Lodge 1/4/2006. Temporary | 2006

lighting and portable
facilities provided
at Irvine Lodge truck
parking area.

Source: http://www.dot.ca.gov/hg/maint/ra/Statewide.htm, accessed on August 2008.
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9. FATIGUE RAMP ANALYSIS

An analysis of ramp collisions on [-5 was completed as part of this study, using 11 years
of data (1994-2004) from TASAS. For the anal ysis, the number and characteristics of
collisions associated with on- and off-ram ps connected to rest areas were com pared with
those occurring on all other ramps on I-5. Highway collisions that occurred outside of the
vicinity of ram ps were not included. Also, co llisions in Caltrans Districts 7, 11 and 12
(LA, SD and ORA cou nties) were excluded from this analysis due of a lack of rest areas
in those districts. TASAS data assigns a code to denote Inters ection/Ramp Accident
Location. The location of each ramp location c ode is schematically represented in Figure
13, and the location codes are described as follows:

e IRL#1: Collisions that occurred within 50 feet of the ramp exit; marked as “ramp
intersection (exit) collisions.”

e IRL#2: Collision s loca ted on the r amp, but not within 50 feet of either the
entrance or the exit of the ramp; marked “ramp collision.”

e IRL#3: Collision s that occurr ed within 50 feet of the ramp entrance; marked
“ramp entry collision.”

e IRL#4: Collisions that occurr ed on the intersection of the ramp area and the
cross street of the ramp. In ca ses of ramps connecting to rest areas, this is of ten
the location of the rest area. As w ill be addressed in the next analysis, these
collisions ¢ ontribute to am ajority of ra mp collisions and have different
characteristics com pared with collisions at o ther location s on ram ps. These
locations include rest area parking lots, which produce a higher rate of collisions
than other locations due to parking activities.

Figure 13. Ramp Location Code (IRL) From TASAS Data
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Table 10 su mmarizes c ollisions on ram ps connected to re st are as and all oth er ramp
collisions. The total n  umber of collis ions on ram ps connected to res tareas was
substantially lower than the tota 1 n umber of collis ions on all othe r r amps due to the
relatively small number of ramps that are ¢ onnected to rest areas. However, the nu mber
of collisions per ramp for ramps connected to the rest areas, 4.4, is relatively close to the
number of collisions per ramp for all the other ramps, 6.8.

By excluding IRL#4 collisions, the number of collisions per ramp on the rest area ramps
drops to 1.0, and the number of collisions per ramp for all the other ramps drops to 4.3.

Table 10. Summary of Collisions on Ramps Connected to Rest Areas
and Collisions at All Other Ramps

Other Rest Area

Ramps Ramps
Total # of collisions 5641 367
Total # of ramps 826 83
Collision per ramp 6.8 4.4
Total # of collisions except IRL#4 3580 84
Collision per ramp except IRL#4 4.3 1.0

Detailed analysis of collisions in r est are as, which is pres ented in the data appen dix,
reveals that trucks were the prim ary vehicle type involved in rest area ram p collisions.
The primary collision factor was ‘other,” followed by ‘improper turns.” The primary type
of collision was a ‘s ideswipe’ collision followed by ‘hit object’ collisions. This ord er of
importance was altered when IRL#4 collisions were excluded from the data. ‘Parked,
parking’ m ovement caused the m aximum num ber of collisions in res t areas com pared
with ‘proceeding straight’ m ovement on ot her ram ps. However, by excluding IR L#4
collisions, ‘proceeding straight’ movement also caused the most collis ions on rest area
ramps, although collisions still rem ained highly correlated to parking activities (parked,
parking, backing) com pared with collis ions on ram ps not connected to rest areas. This
implies that some rest areas are deficient in available parking spaces, resulting in possible
unsanctioned parking activitie s in connected on/off-ra mp areas. W hile parking on ramps
at re st areas may be ille gal, continuing to d rive while drow sy may also be illega 1 if it
violates commercial vehicle dr iving hours or leads to a fati  gue-related accident. W ith
inadequate available parking, drivers face difficult choices.
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10. INFORMAL TRUCK STOPS

California Highway Patrol has compiled a lis t of locations that, although not form ally
designated as rest areas, are used by truck drivers for that purpose. L  arge numbers of
trucks are parked for extended periods on the ramps at these locations. In this chapter, the
characteristics of truck collisions o n ramps and on the highway in the vicinity of these
ramps are analyzed.

10.1 Ramp Caollisions

As in the earlier ramp analysis, TASAS 1994-2004 data was used for this analysis. Table

11 lists the locations of these inform al re st areas along with the num ber of ra mps on

which collis ions took place, the to tal num ber of collision s, and the num ber of t ruck
collisions o n thes e r amps. Fatigu e-related co llisions wer e negligib le. This d ataset
contains information about primary collision factor but not about party physical, drug use,
or other inf ormation used to identify collis ions according to the expanded definitio n of
fatigue. Therefore, the only fatigue-related collisions identified in this dataset are those in
which the primary collision factor was listed as ‘fell asleep.’

The rate of collisions per ramp on informal rest area ramps varied from 1 to 16.5, with an
average of 7.5. This compares with a rate of 4.4 collisions per ramp (Table 10) for formal
rest areas, and 6.8 when IRL#4 collisions were included, as was the case in this analysis.
These re sults indicate that m ore collis ions o ccur on inf ormal rest ar ea ram ps than on
formal rest area ram ps. The inform al rest area ram p location s reco rding th e highes t
collision rates were on I-5 at South French Camp Road, I-80 at Red Top Road, and I-80
at Abernathy Road.

Table 11 shows that between one and four of  the ram ps at thes ¢ locations recorded

collisions. The number of collision s varied fro m one at U.S. Route 101 at W ild Horse
Road, to 67 at I-5 at South Fr ench Camp Road. Three of th e four informal rest areas on
I-5 experienced truck c ollisions, co ntributing to over 25% of the total collis ions. The
percentage of truck collision s on the ram ps varied from none (Highway 101 at W ild
Horse Road, and 1-80 at Kidwell Road) to 44 % (I-5 a t West Turner Road, and -5 at

Hood Franklin Road).

Fatigue-related collision s were rar e at thes e locations. Only one out of nine collisions
recorded at I-5 at West Turner Road had a primary collision factor of ‘fell asleep.’
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Table 11. Locations and Collision Characteristics of Informal Rest Areas

Number
of
. Number | Number
Collisions
Route & County/ . on Ramps (.)f. of T.ka
o Nearest | Interchange | Postmile Collisions | Collisions
Direction . /Number
City Per on
of Ramps Ram Ramps
With P P
Collisions
Interstate 80
88(3 I\E"; e;t gg:ggﬁg and Red Top | 11.39 4714 11.75 8
Road
Interstate 80
Solano/ and
80 East Cordelia Abernathy 16.14 4714 11.75 6
Road
Interstate 80
80 West S[‘)’i'fgr?’ and Pedrick | 39.73 14/4 35 2
Road
Interstate 80
88? est S[‘)’i'jg‘r?’ and Kidwell | 41.25 3/2 15 0
Road
Interstate 5
5 West Sacramento/ and Hood
& East Lodi Franklin 8.49 913 3 4
Road
Interstate 5
2\2’255: Sacrfg(‘jie”t"/ and Twin 2.13 20/4 5 5
Cities Road
5 West San Interstate 5
& East Joaquin/ and West 41.67 9/3 3 4
Lodi Turner Road
San Interstate 5
SWest | joaquin/ | _2nd South 2254 674 16.75 8
& East Stockton French Camp
Road
Highway 101
1218';‘8{? '\}”(?nmec“fty/ and Wild 37.31 11 1 0
gty Horse Road
217/29 7.48
‘Proceeding straight’ w as the m ovement type that resulted in the largest num  ber of

collisions for all the inf ormal rest a rea ramps. At only two of the nine locations, other

movement types contributed to a larger per centage of collisions, ‘ran off road’ (67%) for
I-80 at Kidwell and ‘slowing stopped’ (23%) for I-5 at Hood Frankl in Road. The other
major contributors were ‘making left turns,” contributing to 25% of the collisions at I-5 at
Twin Cities Road, and 26% at Inte rstate 5 at So uth French Camp Road. The percentage
of collision s due to parking activities varied from
Highway 101 at W ild Horse Road) to 57% at 1-80 and Pedrick Road. Analysis of ramps
on [-5 revealed that 31% of collisions were related to parking activ ity (parked, parking,

none ( [-80 at Kid well Road, and
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backing, slowing, stopping, stopped) on ra mps connected to rest areas excluding IRL #4
collisions, and 51% were related to parking activity when IRL#4 collisions were included.
Collisions due to parking activity represented 21% of collisions for all other ramps when
IRL#4 collisions were excluded, and 18% incl uding IRL#4 collisions. For form al rest
areas on [-5, 11% of collisions were due to parking activities excluding IRL#4 collisions
and 26% of collisions w ere due to parking activities for rest area ram ps including IRL#4
collisions. For the other ramps, 1% of collisions were due to park ing both excluding and
including I RL#4 collis ions. Pie d iagrams showing the contr ibution of the va rious
movement types to collisions are included in Appendix 5.

It is clear that a large num  ber of collisi ons on rest area ram ps are due to proceeding
straight and parking a ctivities. C ollisions d esignated as IRL#4 co nstitute a large
percentage of collisions due to parking activities. In comparison, informal rest area ramps
experience an even greater percentage of collisions due to parking activities.

10.2 Fatigue-Related Highway Collisions at Informal Rest Areas

This analysis was conducted using eleven years of SW ITRS data from 1996 to 2006.
Fatigue-related truck collisions (strict and expanded definitions) along U.S. Route 101 in
Monterey C ounty, I-5 in Sacram ento County, I-5 in San Joaquin County and I-80 in
Solano County were plotted along the postmiles. Informal rest area locations, formal rest
area locations and truck weigh stations were marked in order to observ e their effects on
the number of highway collisions. T he plots and a summary table for the plots, show ing
strict definition fatigue-relat ed collisions are included in the appendix and show the
informal rest area as am ile-long segm ent along which on- and off-ram  ps would be
present.

Kidwell Road on eastbound I-80 recorded a th  ree-collision locati on as well as a one-
collision location within one mile. The entire segment of eastbound route 80 between Red
Top Road and Kidwell Road recorded a high frequency of collisions, including a number
of two and three-collision locations. Red Top Road, Abernathy and the postmile-16 truck
weigh station, and Kidwell Road experienced decreases in the collision rate at or near the
rest areas. Southbound I-5 and West Turner Road  recorded four collisions within one
mile. The segment of southbound interstate 5 in San Joaquin County also recorded a high
number of collisions, with higher co llision rates closer to inf ormal rest areas. Eastbound
1-80 and Red Top Road, as well as northbound I-5 and Hood Frankl in Road, recorded
two collisions within one m ile of the info rmal rest area location. The segm  ent of
northbound I-5 in Sacram ento County recorded comparatively fewer collisions. W hile it
recorded no collisions within a one-mile segment of the earlier informal rest area location,
Twin Cities Road, it recorded m any collisions in and aro und the Hood Franklin Road
location.

10.3 Summary of Findings

The effect o f informal rest areas on collision rates is unclear, and varies by location. In
some cases (i.e., [-5 in San Joaquin County) the absence of a rest area or truck weigh

station may have been the im petus for an in formal rest area location, and may signal the
need for a form al rest area. In other cases , as along route 80, m any informal rest areas
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have been established th at are in some cases adjacent to or within a short distance of the
formal rest area locatio ns, indicating either a lack of adequate facilities , or som e other
source of discontent on the part of drivers.

There was a wide range in th e number of collisions recorded on ramps, from minimal to
very high. The higher number of collisions may have been due to higher traffic, improper
geometry or obstruction of sight lines.

Similarly, som e segm ents of freeway reco rded a higher num ber of fatigue-related
collisions (strict definition) overall; these freeway segm ents should be analyzed for their
safety characteristics, and rest areas s hould be added. Route 80, particularly in the
eastbound d irection, recorded a hig h num ber of such collision s. Inform al rest area
locations experienced an inconsistent pattern of fatigue-related collisions, both higher and
lower than the rem aining freeway segments, indicating the need for additional rest areas.
All segm ents of freeway analyzed for this  study experienced a signif icant num ber of
strict f atigue-related tru ck collis ions. This confirms the need f or add itional res t area
facilities, p rioritizing se gments that record ed a high num ber of collis ions and a high
number of two or three-collision locations.
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11. DISCUSSION

This study resulted in a num ber of significan t findings regarding th e characteristics of
fatigue-related collis ions, ba sed on a lite rature review and analys is of SW ITRS and
TASAS data. Findings and recommendations are below.

The presence of rest areas was found to lowe r fatigue-related coll isions sta tistically
significantly, particularly when comparing 10-mile segments up and downstream of rest
areas. In addition, this study corroborated findings in the literature indicating that fatigue-
related collisions increase significantly beyond 30 miles of rest area locations, suggesting
that optim al placem ent of rest areas should be every 30 m iles. However, consid ering
potential influences of various other collisi on factors, additional rigorous studies m ay be
required to identify the cause of this phenomenon, which may be caused by driver fatigue
beyond 30 miles, different roadway design or environment factors within and beyond the
30-mile zone, or a bias in collision reports. For this purpose, before-and-after research on
temporary rest areas closures would be an ideal future study. Such a study would prevent
the ef fects of other variable s on collis ions an d verif y whether th e findings from the
present study are reproducible:

1. Did closures increase collision densities 30 mile downstream of rest areas?
2. Did collision densities decrease when the temporary closures ended?

A broad statewide analysis of fatigue data, which identified specific times and locations
of fatigue-related collisions was used fo r the analys is. The study identified the
demographics of the population prone to such crashes in order to target this group for
education and awarenes s measures. Further, providing information to drivers regarding
the loca tions of all nearby res t ar eas, would allow driv ers to m ake m ore inf ormed
decisions when stopping.

Rest area ramps record lower collision rates co mpared with other ramps, and a majority
of collisions on rest are a ram ps are IRL#4 co llisions; the collisions th at occur at the
intersection of the ramp and the highway. Collisions that occurred during parking or with
a parked ve hicle were the m ost frequent type of collision in res t areas. These f indings
may be useful in the design of rest areas in order to avoid such collisions.

Informal rest area ram ps were generally found to be m ore dangerous than other ramps,
although only three of the nine informal rest area ramps recorded very high collision rates.
The effect of infor mal rest areas on fatigue-r elated highway collisions w as inconclusive.
However, since design ated rest areas appeared to reduce fatigue-related collisions, it is
recommended that ad equate rest areas be pr ovided at or near these locations. Adequate
rest areas, as described in the literature, provide food, water, restroom s, phones, safety
and convenience. Additionally, private truck st ops also offer fuel, showers and a w ider
range of food selections. Inadequate parking, expensive facilities, la ck of security, and
time-limit enforcements have often deterred the use of designated rest areas.

Under constrained resources, th ere could be a tradeoff between the sp acing of rest areas
and the extent of services prov ided at avai lable rest are as. Furt her studies on fatigue-
related collisions and rest  area pro vision cou Id exam ine a num ber of related iss ues,
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including, for example, whether or not tim e limits should be im posed (and if so, optim al
time for such lim its), and what improve ments would have the greatest im  pact on
enhancing parking facilities. Avoiding the trag ic im pact of collis ions that result fro m
driver fatigue should be a priority in future research.
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APPENDIX 1: LITERATURE REVIEW

Generally, sleep is a neurobiological activity ~ with predictable patterns. Disruption of
these patterns, especially the circadian pr  ocesses (24-hour rhythm st hat control our
sleep/wake cycles), sleep fragm entation, or sleep restriction and loss can result in a
diminished capacity to perform everyday tasks—such as driving—due to im pairment in
the following: reaction tim e, vigilance, attention, and infor mation processing
(NCSDR/NHTSA). In the extrem e, it can also lead to falling asleep while driving. The
National Highway Traffic Safety Administration makes the distinction between “fatigue”
and “inattention,” defining fatigue as a “disinc lination to continue” a particular task; in
the case of driving, it is not so m uch a disinclination to driving as it is a “progressive
withdrawal of attention to th e tasks required for safe drivin g.” This is charac terized as
inattention, which is a product  of fatigue and other such f actors as “preoccupation or
distractions inside the vehicle” (NCSDR/NHTSA).

Research on fatigue and its effects on collis ions has a long histor y, characterized by a
near-constant stream of analysis in five main categories:

Characteristics and Magnitude of Fatigue Related Crashes
Effect of Fatigue on Performance

Causes of Fatigue

Countermeasures

Effect of Rest Stops on Fatigue

M

Among these, only a lim ited number of studies have been undertaken to understand the
effects of the dis tance between r ests tops o n f atigue c ollisions. O ne of the most
interesting studies related to this topic wa s conducted by researchers at Michigan State
University.* They found a correlation between th e distance between rest stops and the
percentage of single vehicle crash es: “the greater the dis tance between rest area s, the
higher the percentage of singl e v ehicle truck crashes.” The research team created a
“hazard m odel with a conditional probability fo rmat” that concluded that there was a
“significant” increase in single vehicle truck crashes once the distance between rest areas
was greater than thirty m  iles. The study did not, however, com pare or separate
characteristics of collisions caused by fatigue-related factors and other counterparts.

To understand the effects of rest stops on fati gue collisions, the pres ent research entails
empirical analysis of (1) unique sp atial correlations be tween fatigue c ollisions and the
locations of rest stops; and (ii) genera 1 characteristics of fatigue and non-fatigue
collisions that arise in rest stops.

An extensive annotated bibliography follows.

* Taylor, W. C., N. Sung, et al. (1999). A Study of Highway Rest Area Characteristics and Fatigue Related
Truck Crashes: 1-59.
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Al.1 Annotated Bibliography: Characteristics and Magnitude of
Fatigue Related Crashes

Blower, Daniel and Kenneth Campbell. (1998)
Fatalities and Injuries in Truck Crashes by Time of Day. Ann Arbor, University of
Michigan: 1-16.

KEYWORDS

Trucks

Long-Haul Trucks
Truck-Passenger Vehicle Crashes
Fatalities

Injuries

Time Of Day

Hours-Of-Service

Driver Fatigue

ABSTRACT
The Federal Highway Adm inistration (FHWA) currently is considering proposals to
change the regulations governing the hours-  of-service (HOS) of ¢ ommercial truck

drivers. The purpose of the present report is to provide information on the distribution of
crashes, injuries, and fatalities by time of day and to m easure the consequences of truck
crashes by time of day, both to truck occupants and to other road users. Older sources of
VMT data (vehicle miles traveled) are used to illustrate the relative risk of day and night
travel.

About 20% of all fatal crashes and fatalities and 10% of all injuries involving a long-haul
truck (tractor pulling at least one trailer) occur between midnight and 6:00 a.m . Crashes
at night tend to be m ore severe, with a bout 435 injuries per thousand crashes between
midnight and 6:00 a.m., compared with 320 injuries per thousand for the remainder of the
day. There are abou t three times as m any fatalities per thousand crashes midnight-6:00
a.m.

Truck travel estimates by hour of the day are not currently available. Using exposure data
classifying night as 9:00 p.m . to 6: 00 a.m., truck travel during that period is associated
with a relative risk about twice that of the rest o f the day. Truck driver fatigue in single-
vehicle fatal crashes is a sign ificant factor. Driver fatigue and alcohol use in nontruck
drivers also form a significant com ponent of the higher risk of night travel. Almost 40%
of the nontruck drivers in m ultiple-vehicle cras hes with tru cks between m idnight and
3:00 a.m. had used alcohol, com pared with 2.7% of the truck drivers. Fatigue was also
coded more often for nontruck drivers than for truck drivers in multiple-vehicle crashes.

URL
No URL provided.
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Bunn, T. L., S. Slavova, et al. (2005)
""Sleepiness/fatigue and distraction/inattention as factors for fatal versus nonfatal
commercial motor vehicle driver injuries.” Accid Anal Prev 37(5): 862-9.

KEYWORDS

Accidents, Occupational/*mortality
Accidents, Traffic/*mortality

Adult

Age Distribution

Attention

Case-Control Studies

Male

Matched-Pair Analysis

Middle Aged

Proportional Hazards Models
Retrospective Studies

Risk Factors

Seat Belts/utilization

Sleep Disorders, Circadian Rhythm/*epidemiology

ABSTRACT

A retrospective population-based case-control study was conducted to determine whether
driver sleepiness/fatigue and inattention/  distraction increase the likelihood that a
commercial motor vehic le collision (CVC) will be f atal. Cases were ide ntified as CVC
drivers who died (fatal) and ¢ ontrols were d rivers who s urvived (no nfatal) an injury
collision us ing the Kentucky Collis ion Report Analysis f or Safer Highways (CRASH)
electronic database from 1998-2002. Cases and controls w ere matched on unit type and
roadway type. Conditional logistic regression was perf ormed. Driver sleepiness/fatigue,
distraction/inattention, age of 51 years of age and older,  and nonuse of safety belts
increase the odds that a CVC will be fatal. Prim ary safety belt law enactm ent and
enforcement for all states, comm ercial vehicle driver education addressing fatigue and
distraction and other appro aches including decreased hours- of-service, rest breaks and
policy changes, etc. may decrease the probability that a CVC will be fatal.

RESEARCH NOTES
URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list_uids=15921653
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Carroll, R. (1998)
Impact of Local/Short Haul Operations on Driver Fatigue: Focus Group Summary
and Analysis: 1-4.

KEYWORDS
No keywords provided.

ABSTRACT
No abstract provided.

RESEARCH NOTES

URL
No URL provided.
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Carroll, R. (2001)
Impact of Local/Short-Haul Operations on Driver Fatigue: Field Study: 1-4.

KEYWORDS
No keywords provided.

ABSTRACT
No abstract provided.

RESEARCH NOTES

URL
No URL provided.
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Carroll, R. (2002)
Impact of Sleeper Berth Usage on Driver Fatigue: Final Report: 1-4.

KEYWORDS
No keywords provided.

ABSTRACT
No abstract provided.

RESEARCH NOTES

URL
No URL provided.
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Carsten, O. (1987)
Road Class and Large Truck Involvements in Fatal Accidents. Ann Arbor, University
of Michigan: 1-35.

KEYWORDS
Medium trucks
Heavy Trucks
Accidents
Road Type

ABSTRACT

The data that have been collected by the University of Michigan Transportation Research
Institute through a follow-up on large trucks  involved in fatal acc idents provide the
opportunity to exa mine the relationsh ip between road class an d fatal accident
involvement. The fatal acciden t inv olvement rate per m ile travelled for com bination
trucks is calculated from University of Michig an and Federal Highway Adm inistration
data. The rate is higher on rural non-interstates than on the other road types.

For the rest of the report, a four-way br eakdown of road class is  exam ined. This
categorizes roads into urban and rural and divided and undivided. Significant differences
in the dis tribution of acciden t factors are ob served between road classes. This  has
important implications for the s election of accident counterm easuresinth ata
countermeasure is unlikely to reduce involvem ents equally on all classes of road. Certain
types of accident, seeminly involving fatigue, are observed to be relatively more common
at dawn; however, this fatigue cannot be at  tributed to exhaustio n after long hours of
driving.

RESEARCH NOTES

URL
No URL provided.
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Connor, J., R. Norton, et al. (2002)
"Driver sleepiness and risk of serious injury to car occupants: population based case
control study.” BMJ324(7346): 1125.

KEYWORDS

Accidents, Traffic

Adolescent

Aged, 80 and over

Automobile Driving

Case-Control Studies
Fatigue/complications/epidemiology
Female

Humans

Male

Middle Aged

New Zealand/epidemiology

Risk Factors

Sleep Deprivation/*complications/epidemiology
Wounds and Injuries/*etiology

ABSTRACT

OBJECTIVES: To estim ate the contribu tion o f driver sleepiness to the causes o f car
crash injuries. DESIGN: Population base d case control study. SETTING: Au  ckland
region of N ew Zealand, April 1998 to  July 1999. PARTICIPANT S: 571 car drivers
involved in crashes where at leas t one occu pant was adm itted to hospital or killed
("injury crash"); 588 car dr ivers recruited while driving on public roads (controls),
representative of all time spent driving in the study region during the study period. MAIN
OUTCOME MEASURES: Relativ erisk f orinjury cr ash associa ted with dr iver
characteristics related to slee p, and the population attributable risk for driver sleepiness.
RESULTS: There was a strong association between measures of acute sleepiness and the
risk of an injury crash. After adjustm ent for major confounders significantly increased
risk was associated with drivers who identified themselves as sleepy (Stanford sleepiness
score 4-7 v 1-3; odds ratio 8.2, 95% confiden ce interval 3.4 to 19.7); with drivers who
reported five hours or less of sleep in the  previous 24 hours com pared with m ore than
five hours (2.7, 1.4 to 5.4); and with driving between 2 am and 5 am compared with other
times of day (5.6, 1.4t0 22.7). N o increase in risk was associated with m easures of
chronic sleepiness. The population attributable risk for driving with one or m ore of the
acute sleepiness risk factors was 19 % (15% to 25%). CONCLUSIONS: Acute sle epiness
in car drivers significantly increases the risk of a crash in which a car occupant is injured
or killed. Reductions in road traffic injuries may be achieved if fewer people drive when
they are sleepy or have been deprived of sleep or drive between 2 am and 5 am.

URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list uids=12003884
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Connor, J., R. Norton, et al. (2001)
"Prevalence of driver sleepiness in a random population-based sample of car
driving." Sleep 24 (6): 688-94.

KEYWORDS

Adolescent

Adult

Automobile Driving

Disorders of Excessive Somnolence/*epidemiology
Fatigue/epidemiology

Population Surveillance

Questionnaires

Severity of Illness Index

ABSTRACT

STUDY OBJECTIVES: To obtain reliable es timates o f the prevalence of driver
sleepiness. DESIGN: A two-stage cluster sa mpling technique was e mployed to obtain a
sample of car drivers representative of tim e spent driving on public roads in a
geographically defined region.  Data were collected by interviewer-administered
questionnaire, and analyzed in accordan ce with the sam pling design. SETTING: The
Auckland region of New Zealand, between April 1998 and July 1999. PARTICIPANTS:
588 drivers of cars and other li ght vehicles recruited at 69  roadside survey sites.
MEASUREMENTS AND RESULTS: Of 746 ¢ ligible participants, 79% were
interviewed, 12% refused, 8% were untraceable, and 1% were unable to give inform ed
consent. From this sam ple we estimated th at 58.7% of driving was undertaken by m en.
The vast majority of driving (90.8%) was undertaken by drivers with Epworth Sleepiness
scores in the norm al range (<10), but a si gnificant minority was undertaken by drivers
with one or more characteristics likely to impair alertness. 3.1% had < or = 5 hours sleep
in the previous 24 hours, and 21.9% had < or =4 full nights sleep in the previous week.
The triad of sym ptoms associated with sleep apnea (snoring, choking, and breathing
pauses while sleeping) was present in 1.6%; and 8.1% worked a pattern of shifts likely to
interfere with norm al sleep. CONCLUSION: The prevalen ce of sleepiness am ongst a
random sample of New Zealand car driving was low, and less than suggested by previous
studies.

URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list uids=11560182
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Connor, J., G. Whitlock, et al. (2001)
""The role of driver sleepiness in car crashes: a systematic review of epidemiological
studies." Accid Anal Prev 33(1): 31-41.

KEYWORDS

Accidents, Traffic/prevention & control/*statistics & numerical data
Automobile Driving

Fatigue

Humans

Research Design

Sleep Stages

ABSTRACT

To assess the available evidence for a causal role of driver sleepiness in car crashes or car
crash injury, and to quantify the effect, a system atic review of the international literature
was conducted. The review included all studies with a fatigue-related exposure m easure,
acrash o rcrashinju ry outcom e m easure and a com parison group, regardless of
publication status, language or date of the study. Eighteen cross-sectional studies and one
case-control study fulfilled the inclus ion criteria. The fatigue-related expos  ures
investigated in these studies were sleep diso  rders (n = 14 ), shift work (n = 2), sleep
deprivation/fragmentation (n = 1), and exces sive daytime sleepiness (n = 2). Only one
study used an injury outcom e measure. Studies were limited in their ability to establish a
causal relationship by their design, by biases , and in m any cases, by sm all sample sizes.
The better quality cross-sec tional studies were suggestiv e of a positive relationship
between fatigue and crash risk, but could not provide reliable estimates of the strength of
the association. The case-control study provi  ded m oderately strong evidence for an
association between sleep apnea and risk of driver injury, w ith an adjusted odds ratio of
7.2 (95% confidence interval 2.4-21.8). W e conc lude that the dire ct epidem iological
evidence for a causal role of fatigue in car crashes is weak, but suggestive of an effect. To
estimate the burden of injury due to fatigue-related crashes in the population, information
is required from  well-designed observati  onal epidem iological stud ies abou t the
prevalence of fatigue in the car driving population and the size of the risk this confers.

RESEARCH NOTES
URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list uids=11189120
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Dinges, D. F. and G. Maislin (1998)

Final Report: Evaluation of Techniques for Ocular Measurement as an Index of
Fatigue and as the Basis for Alertness Management. Washington, DC, National
Highway Traffic Safety Administration: 1-113.

KEYWORDS

Drowsy Driving

Fatigue

Driver Monitoring

Driving Simulation
Vigilance

Driver Impairment
Drowsiness Detection
Technology Validation
Psychophysical Measurement

ABSTRACT

This final report establishes the sc ientific validity of the ocular m easure "Perclose" as a
generally useful and reliable ni dex of lapses in visual atte ntion, i.e. the percentage of
eyelid closure over the pupil. Perclose was prev iously specified as a relevant m easure of
drowsiness in several driving sim ulator st udies (NHTSA Final Report, DOT HS 808
640). In the present research, further validat ion of Perclose was established a mong other
measures, in a controlled sleep depriv ation study, using a well-known psychophysical
index of lapses in visual attention, i.e. Psychomotor Vigilance Task (PVT). The present
study provides the scientifica nd practical basis to relate  real-time lapses in visual
attention to over-the-road driving performance.

RESEARCH NOTES

URL
No URL provided.
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Drobnich, D. (2005)
"A National Sleep Foundation’s conference summary: the National Summit to
Prevent Drowsy Driving and a new call to action.” IndHealth_43(1): 197-200.

KEYWORDS

Accidents, Traffic/mortality/*prevention & control/psychology
Automobile Driving/*psychology
Fatigue/physiopathology/*prevention & control

Foundations

Program Development

Public Policy

Sleep Initiation and Maintenance Disorders/*physiopathology
United States/epidemiology

ABSTRACT

On Nove mber 20-21, 2002, the National Sleep  Foundation (NSF), a U.S.-based non-
profit organization, and a coal ition of other organizati  ons, federal agencies and
corporations convened a National S ummit to Prevent Drowsy Driving at the National
Academy of Sciences in W ashington, DC. Th e Summit brought together experts in the
fields of transportation, safety and health, sleep research, and comm unications as well as
advocates to assist in the creation =~ ofa comprehensive national agenda to increase
awareness about the dangers of drowsy driving. Recommendations from the Summit
formed the basis of post-summit activities, including the development of a new W eb site
(www.drowsydriving.org) dedicated to the prev ention of driver fatigue and a report, the
National Action Plan to Prevent Drowsy Driving, which describes a series of action items
for national, state and local in itiatives in the areas of resear ch, public policy, and
educational programs.
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ABSTRACT

Sleepiness has been id entified as a significan t risk facto r for vehicle accidents, and
specific surveys are needed for Italy. The ai m of this study was to assess incidence and
characteristics of sleep -related vehicle-crashes on Italian highways. The database of the
Italian National Institute of Statistics (1993-1997) was the source for the survey (50859
accidents with 1632 (3.2%) ascribed to sleep by the police). The distribution of accidents
was evaluated by m eans of the analysis of va riance considering the year, the day of the
week, the age and the tim e of day and their interactions as main factors. The relative risk
of sleep-related accidents was also evaluated wi th reference to the relative traffic density
as estimated by the Italian Highways Society. The counts of sleep-related accidents, and
even m ore the relative risk, rev ealed the p resence of peak s and troug hs in zon es at a
higher lev el of sleepiness and alertness respec  tively. Death of the driver occurred in
11.4% of sleep related acciden ts versus 5.6% in general accidents. The great m ajority of
sleep-related accidents occurred to drivers under 35 (61.4%) mainly during the night with
an increasing trend in  the yearly num ber of sleep -related accid ents, especially on
weekends. Therefore sleepiness appears a rema rkable risk factor and, in our opinion, its
incidence as sole or contributory ~ cause of acciden ts o n Italian h ighways is still
underestimated.
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ABSTRACT

Two separate groups consisting of both long- haul (N=184) and short-haul (N=133) truck
drivers were surveyed to examine the freque ncy of driver sleepine ss-related problems at
work during the previous three months a  nd to assess the incidence of sleep apnea
syndrome sym ptoms. We also aim ed to iden tify factors likely to predict self-reported
difficulties in staying aler tin work driving, dozing of f(som etimes ref erred to as
microsleep) at the wheel and near misses. Th e responses suggest that for approxim ately
13% of the long-haul drivers the m ean driving tim e per shift exceeded the EEC
regulation. About 40% of the long-haul driv ~ ers and 21% of the short-haul drivers
reported having problems in staying alert on at least 20% of their drives. Over 20% of the
long-haul drivers also reported having dozed off at least twice while driving. Near misses
due to dozing off had occurred in 17% of th  ese drivers. Factors indicating sleep apnea
syndrome occurred in only about 4% of the 1 ong-haul drivers and in only two short-haul
drivers. W ork and individual related factor s as well as factors indicating sleep apnea
syndrome contributed only slightly to predicting driver slee piness-related problems. This
suggests that driver sleepiness-related pr  oblems tend to be shared by m  any of the
professional drivers, rather than being a "s pecific" and permanent problem for a sm aller
portion of drivers. However, difficulties in sleep patterns, such as having difficulty falling
asleep, were infrequent.
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ABSTRACT

Stress and shortage of sleep may cause daytime somnolence and impaired vigilance at the
wheel, especially am ong those suffering from sleep disturbances. According to the
international consensus meeting in Stockholm in May of 2000 on "The sleepy driver and
pilot--causes, risks and countermeasures", drowsy driving is an underestimated risk factor
in official statistics, and as many as 15-30 percent of today' s traffic accidents are related
to drowsiness; thus it is an even greater risk factor than alcohol. Drowsy drivers suffer
from inattention, impaired concentration and may even fall asleep at the wheel. Accidents
during dozing result in three tim es as m any fa talities as other a ccidents. There are a
number of reasons for habitu al dro wsiness at the wheel as ide from sleep deprivation,
including rhonchopathy, shift work and jet lag, m ental depression, insomnia, narcolepsy,
endocrinological diseases, periodic limb movement disorder, medication, pain-disordered
sleep, and heart disease. Am  ong the m ost active drivers,i.e. m iddle aged m en,
obstructive sleep apnea syndrome (OSAS) has been found to be the most common reason
for habitually drowsy driving. OSAS causes a 2- 3 fold increased risk of traffic accidents,
and it impairs simulated driving. Palatoplasty as well as nasal CPAP have been show n to
improve vigilance and driving perform ance to an extent that th e inc rease inris k is
eliminated. Drivers suffering from habitual drowsiness and micro-sleep attacks forcing
them to take repeated rests are at s pecial risk. Even if they are as dangerous as drivers
with unlawful blood alcohol levels they cannot be caught in  a police checkpoint.
However they often seek medial advice, and properly treated they may often return safely
to traffic. If not, there could be a need to report them to the authorities so as to lim it or
prohibit their driving.
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ABSTRACT

Federal regulation allows truck drivers to use sleeper berths to accum ulate eight hours of
off-duty rest in two separate perio ds. B ecause sleep dis ruption may cause fatigue and
deterioration of performance, a study was ¢ onducted to evaluate the association betw een
sleeper-berth use in two periods and tractor-trailer driver fatality. Using Bureau of Motor
Carrier Saf ety Reports , crashes that resulted  in tracto r-trailer drive r f atality were
compared with property dam age crashes. After adjusting f or c onfounding variables by
logistic regression, tract or-trailer driver fatality was f ound to be significantly associated
with sleeper-berth use in two shifts (odds ratio = 3.05). Statisti cally significant but
weaker associations were found between driver fatality and rural di strict, night driving,
gross vehicle weight of 72,000 pounds or m  ore, single-vehicle collision, intercity trip,
and employment on an occasional basis.
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ABSTRACT

Sleep-related vehicle accidents (SRVAs) are a common form of highw ay accident, often
wrongly attributed to other causes. SRVAs typically involve running off the road or into
the back of another vehicle, with no braking beforehand. Be cause of a high impact speed
these accidents are often serious. SRVAs peak around 02:00-06:00 hand 14:00-16:00 h,
when daily sleep iness is natura lly higher. Hen ce, tim e of day is a critica | factor, as
important as the duration of the drive. Most SRV As are not due to sleep pathology. Many
are work-re lated. Non-sleeping "re st" is no substitu te for sleep. Sleep does not occur
spontaneously without warning, an d is preceded by feelings of increasing sleepiness of
which drivers are quite aware. Driving im pairment is usually worse than is realized by
the sleepy driver. The best coun termeasure is sleep, or even a short nap. Even more
effective is the com bination of a nap with caffeine. © 2001  Elsevier Science L td. All
rights reserved.
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ABSTRACT

OBJECTIVES: To assess the incidence, time of day, and driver morbidity associated with
vehicle accidents where the most likely cause wa s the driver falling asleep at the wheel.
DESIGN: Two surveys were undertaken, in  southwest England and the m idlands, by
using police databases or on the spot inte rviews. SUBJECTS: Drivers involved in 679
sleep related vehicle accident s. RESULTS: Of all veh icle accidents to which the p olice
were summoned, sleep related vehicle accid  ents com prised 16% on m ajor roads in
southwest England, and over 20% on m idland motorways. During the 24 hour period
there were three m ajor peaks: at around 0200, 0600, and 1600. About ha If these drivers
were men under 30 years; few such accide nts involved women. CONCLUSIONS: Sleep
related v ehicle accidents ar e largely dependent on the tim e of day and account f or a
considerable proportion of vehi cle accidents, especially those on m otorways and other
monotonous roads. As there are no norm s for the United Kingdom on road use by age
and sex for time of day with which to com pare these data, we cannot determ ine what the
hourly exposure v risk factors are for th ese subgroups. The findings are in close
agreement with those from other countries.
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ABSTRACT

Driver fatigue is an i mportant sa fety issue for long-ha ul tr uck driv ers. To pr ovide an
efficient means of obtaining sleep, long-haul truck drivers often use tractors equipped with
sleeper berth units. De pending on the type of car go and distances traveled, long-ha ul truck
drivers either drive in team s or alone as single drivers. Team drivers, t herefore, typically
sleep in a moving truc k whereas single dri vers sleep ina stationary truck. It ha s been
hypothesized that sleeping in a moving truc k could adversely affect the sleep quality and,
therefore, the alertness level of team driver s. A naturalistic data collection system was
developed and installed in two Cla ss 8 hea vy trucks. This trigger-based system consisted
of ve hicle s ensors and ca meras tha t allowe d t he experi menters to obt ain the driving
performance and driver alertness dat a for anal ysis of fatigue . Fatigue was measured using
both objective and subjective measures that were recorded before and after sleep and while
driving. Fatigue and dri ving performance were compared for single versus tea m drivers to
determine which driver type acquired the gr  eatest sleep deficit du ring a trip. Results
suggest that single drivers were more fre quently invol ved in critical incidents while
exhibiting extreme drowsiness than were team drivers by a fact or of 4 to 1. T hese results
will be dis cussed inr elation to the gener al saf ety of single ve rsusteam truc king
operations.
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ABSTRACT

This document des cribes projects in the Fed eral Motor Carrier Safety Administration’s
(FMCSA) Driver Alertness and Fatigue Research and Technology (R&T) focus area that
were completed during the years 1995 to 1998 un der the former Office of Motor Carriers
(OMC) in the Federal Highway Adm inistration (FHWA). Inform ation on more recently
completed, current, and planned projects on driv  er fatigue is contained in the Driver
Alertness and Fatigue R&T Focus Area Su mmary, whic h is available on the F MCSA
Web site: http://www.fmcsa.dot.gov.
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ABSTRACT

Sleep deprivation and sleep disorder continue s to cause problem s on the road. Reducing
the num ber of acciden ts related to driver fatig ue would s ave the society a s ignificant
amount of money and personal suffering.

Monitoring the driver' s sym ptoms ¢ an help determine driver fatigue early enough to
prevent accidents due to lack of awareness.  This repo rt d escribes adv ances towards a
non-intrusive approach for real-t ime detection of driver fati gue. It uses a video cam era

that points directly toward the driver's face and monitors the driver's eye to detect micro-
sleeps, or short periods of sleep of about three-to-four seconds.
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ABSTRACT

Driver fatigue is a m ajor cause of road accid ents and has im plications for road safety.
This rev iew discusses the con  cepts of fatigue and provides a summ ary on
psychophysiological associations with driver fatigue. A variety of psychophysiological
parameters have been used in previous research as indicators of fatigue, with
electroencephalography perhaps being the m ost promising. Most research found changes
in theta and delta activity to be strongly linked to tran sition to fatigue. Therefore,

monitoring electroencephalography during driver fatigue may be a promising variable for
use in fatigue counterm easure devices. The review also id entified anxi ety and m ood
states as factors that m ay possibly affect driver fatigue. Furtherm ore, personality and
temperament may also influence fatigue. Gi ven the above, understanding the psychology
of fatigue m ay lead to better fatigue m anagement. The findings from this review are
discussed in the light of directions f or future studies and for the developm ent of fatigue
countermeasures.
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ABSTRACT

This paper reviews the association between electroencephalography (E EG) activity and
driver fatigue. The current literature shows substantial evidence of changes in brain wave
activity, such as sim ultaneous changes in slow-wave activity (e.g., delta and theta
activity) as well as alpha activity during driver fatigue. It is apparent from the lite rature
review that EEG is a promising neurophysiological indicator of driver fatigue and has the
potential to be incorporated into the developm ent of a fatigue counterm easure device.
The findings from this review are discussed in the light of directions for future fatigue
research studies.
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ABSTRACT

Fatigue has m ajor implications for transportation system safety; therefore, investigating
the psychophysiological links to fatigue could enhance our understanding and
management of fatigue in the transpor t industry. This study exam ined the
psychophysiological changes that occurred during a driver simulator task in 35 randomly
selected subjects. Results showed that significan t electroencephalographic changes occur
during fatigue. Delta and theta activity we  re found to increase significantly during
fatigue. Heart rate was significantly lower after the driving task. Bli nk rate also changed
during th e f atigue ta sk. Incre ased tra it an xiety, tension—anxiety, fatigue—inertia and
reduced vigor—activity were shown to be associated with neurophysiological indicators of
fatigue such as increased delta and theta acti  vity. The results are discussed in light of
directions for future studies and for the development of a fatigue countermeasure device.
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ABSTRACT

OBJECTIVE: To estimate the association of driver sleepiness with the risk of car crashes.
METHODS: A population-based case-contr ol study was conducted in Shenyang, a
northeastern city in China, between Novem ber 2001 and July 2002. The case group
comprised 406 car drivers involved in crashe s, and 438 car drivers recruited at random ly
selected sites, and on the day of week, and  the time of day when th ey were driving on
highways in the study region dur ing the study period were us ed as control groups. Face-

to-face interviews with drivers were ¢ onducted acco rding to a well-s  tructured
questionnaire covering the circum stances of their current trip and their background
information. Stanford sleepiness scale and Epworth sleepiness scale were used to

quantify acute s leepiness and chro nic s leepiness resp ectively. RESULTS: There was a
strong association between chronic sleepiness  and the risk of car  crash. Significantly
increased risk of crash was a ssociated with d rivers who ide ntified themselves as sle epy
(Epworth sleepiness score > or = 10 vs< 10;  adjusted odds ratio 2.07, 95% confidence
interval 1.30 to 3.29), but no increased risk was associated with m easures of acute
sleepiness. CONCLUSIONS: Chronic sleepiness in car drivers significantly increases the
risk of car crash. Reductions in road traffic injuries may be achieved if fewer people drive
when they are sleepy.
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ABSTRACT

This report has two main objectives. The first is to present data that may be used to create
a definition of short-haul trucks in computerized data files. The second is to exam ine the
prevalence of driver fatigue as cod ed in crash data files and relate it to parameters that
define short-haul trucking operations.

Tabulations were made of the numbers of large trucks registered in the United States and
their annual travel using data from the 1992 Truck Inventory and Use Survey. Truck
crash statistics were derived from the 1991-1993 Trucks Involved in Fatal Accidents file
and, to a lesser extent, 1995 SafetyNet data. These tabulations were cross-classified by
gross vehicle weight rating (GV\VR) class, area of operation and ve hicle type, and crash
involvement rates per truck and per mile were generated.

Three possible definitions of short-haul trucks are propo sed and the d ifferent definitions
are compared in term s of percentage of regi stered trucks and miles traveled, fatal crash
involvements, fatal involvem ent rates per tr uck and per m ile, and prevalence of fatigue-
related fatal crash involvements. The results may assist others in m aking decisions about
hours of service regulations for the short-haul segment of the trucking industry.

RESEARCH NOTES
URL

http://books.google.com/books?id=FyzpVOOyKKAC&dq=Short+haul+trucks+and+driv
er+fatigue&q=Short+haul+trucks+and+driver+fatigue&pgis=1

72



Rest Areas, Reducing Accidents Involving Driver Fatigue

Maycock, G. (1996)
""Sleepiness and driving: the experience of UK car drivers." J Sleep Res 5(4): 229-37.

KEYWORDS
Accidents, Traffic
Adolescent

Adult

Age Factors
Automobile Driving
Disorders of Excessive Somnolence
Great Britain

Male

Middle Aged
Questionnaires
Sleep

Snoring

ABSTRACT

A postal questionnaire survey aimed at exp loring the relationship between accidents and
daytime sleepiness was sent to 9000 m  ale drivers of whi ch 4621 (51.3%) responded
(mean age 47.7, SD 17.1). Drivers provided detail s of the accidents they had experienced
in the last 3 y, and identified those factors, including tiredness, they thought contributed
to the accident. In addition, drivers com  pleted the Epworth scale m easuring daytime
sleepiness and reported whether they had felt close to falling asleep whilst driving during
the past 12 mo. Analysis of the data showed th at 29% of drivers had felt close to falling
asleep at th e wheel in the last 12 mo, th e probability of which depended on Epworth
score, age, occupational group, annual m ileage, the proportion of tim e spent driving on
motorways and in built-up areas, how long the dr iver is prepared to drive before taking a
break, and whether the driver is driving a company car or  not. Overall, about 7% of
accident 'involvements' were associated with tiredness (representing 9-10% of accidents)-
a figure which is higher on m otorways than on rural roads or built-up roads and higher
still in the early hours of the morning. Accident rates of company car drivers and/or those
who have f elt clos e to falling as leep a t th e wheel in th e la st y ear are shown to be
associated with daytime sleepiness. For example, a company car driver who has felt close
to falling as leep at th e wheel in th e last 12 mo and who scores highly on the Epworth
scale has an accident liability which is 70% hi gher than a s imilar driver who scores zero
on the Epworth scale. Snoring every night increases accident liability by about 30%.
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ABSTRACT

A telephone survey was conducted of arando  m sa mple of New Yor k State licensed
drivers to d etermine the prevalen ce and circ umstances of drowsy driving. Based on the
survey responses, 54.6% of the drivers had dr  iven while drowsy within the past year;
22.6% had ever fallen asleep at the wheel without having a crash, 2.8% had ever crashed
when they fell asleep, and 1.9% had crashed when driving while drowsy. Of the reported
crashes due to driving w hile drowsy or fall ing asleep at the wh eel, 82.5% involved the
driver alone in the vehicl e, 60.0% occurred between 11: 00 p.m. and 7:00 a.m . 47.5%
were drive-off-road crashes, and 40.0% occurred on a highway or expressway. Multip le
regression a nalysis s uggested th at the f ollowing driver variables are p redictive of an
increased frequency of driving drowsy: de  mographic characteristics (younger drivers,
more education, and men); sleep patterns (f  ewer hours of sleep at night and greater
frequency of trouble staying awake during the day); work patterns (greater frequency of
driving for job and working rotating shifts); and driving patterns (greater number of miles
driven annually and fewer number of hours a person can drive before becoming drowsy).
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ABSTRACT

This article reviews the literature on the prevalence of sleep-related motor vehicle crashes
and presents a detailed analysis of the driv er and context variables associated with a
sample of 1,269 sleepy-driver, fatal and injury-causing vehicle crashes that occurred over
a 6-year period in Tennessee. The crash profiles and trends are discussed in terms of their
implications for addressing this sign ificant problem in highway sa fety. Findings suggest
that younger drivers, ages 15-21, are more at-risk for sleep-related motor vehicle crashes.
Also, there is som e evidence for th e effectiv eness of rum ble strips in reducing sleep-
related, run-off-road, interstate crashes.
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list uids=15600220
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ABSTRACT

Drowsy driving is a serious problem that lead s to thousands of auto mobile crashes each
year. This report, sponsored by the Nati onal Center on Sleep Disorders Research
(NCSDR) of the National Heart, Lung, and Bl ood Institute of the Na tional Institutes of
Health, and the Nation al Highway Traffic Safe ty Administration (NHTSA), is designed
to prov ide direc tion to an NCSDR/NHTSA educational cam paign to com bat drowsy
driving. The report presents the results of a literature review and opinions of the E xpert
Panel on Driver Fatigue and Sleepiness regard ing key issues involved in the problem
Sleep is a neurobiologic need with predicta ble patterns of sleepin ess and wakefulness.
Sleepiness results from the sleep com  ponent of the circadian ~ cycle of sleep and
wakefulness, restriction of sleep, and/or in terruption or fragm entation of sleep. The loss
of one night's sleep can lead to extrem e short-term sleepiness, while habitually restricting
sleep by 1 or 2 hours a night can lead to chronic sleepiness. Sleeping is the most effective
way to reduce sleep iness. Sleepiness causes auto crashes because it im pairs performance
and can ultim ately lead to the ina bility to resist falling asleep at th e wheel. Critica 1
aspects of d riving im pairment associated wi th s leepiness are reaction tim e, vigilance,
attention, and information processing.

Subjective and objective tool s are available to approx  imate or detect sleepiness.
However, unlike the situation with alcohol -related crashes, no blood, breath, or other
measurable test is curr ently available to quantif'y levels of sleepiness at the cr ash site.
Although current understanding largely com es from inferential evidence, a typical crash
related to sleepiness has the following characteristics:

e The problem occurs during late night/ early morning or midafternoon.
The crash is likely to be serious.
A single vehicle leaves the roadway.
The crash occurs on a high-speed road.
The driver does not attempt to avoid a crash.
The driver is alone in the vehicle.
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Although evidence is lim ited or inferential, chronic predisposing factors and acute
situational factors recognized as increasing the risk of drow sy driving and related crashes
include:

e Sleep loss.

¢ Driving patterns, including driving be  tween m idnight and 6 a.m .; driving a
substantial number of miles each year and/or a substantial n umber of hours each
day; driving in the m idafternoon hours (especially for older persons); and driving
for longer times without taking a break.

e Use of sedating m edications, especially pr escribed anxiolytic hypnotics, tricyclic
antidepressants, and some antihistamines

e Untreated or unrecognized sleep disorders, especially sleep apnea syndrom e
(SAS) and narcolepsy.

e Consumption of alcohol, which interact s with and adds to  drowsiness. These
factors have cum ulative effects; a com bination of the m substantially increases
crash risk.

e Although no driver is immune, the follo  wing three population groups are at
highest risk, based on evid ence from crash reports and self-reports of sleep
behavior and driving performance.

e Young people (ages 16 to 29), especially  males. Shift workers whose sleep is
disrupted by working at night or worki ng long or irregular hours. People with
untreated sleep apnea syndrome (SAS) and narcolepsy.

To prevent drowsy driving and its cons equences, Am ericans n eed inform ation on
approaches that may reduce their risks. The public needs to be informed of the benefits of
specific behaviors that help avoid becom ing drowsy while driving. Helpful behaviors
include (1) planning to get sufficient slee  p, (2) not drinking even sm  all a mounts of
alcohol when sleepy, and (3) lim iting driving between midnight and 6 a.m. As soon as a
driver becomes sleepy, the key behavioral step is to stop driving-for exam ple, letting a
passenger drive or stopping to sleep before continuing a trip. Two re medial actions can
make a short-term diffe rence in driving al ertness: taking a short nap (about 15 to 20
minutes) and consum ing caffeine equivalent to two cups of coffee. The effectiveness of
any other steps to im prove alertness when sleepy, such as opening a window or listening
to the radio, has not been demonstrated.

A more inform ed m edical comm unity could help reduce drowsy drivin g by ta lking to
patients about the need for adequate sleep, an important behavior for good health as well
as drowsy-driving prevention. The detection an d management of illnesses that can cause
sleepiness, such as SAS and narcolepsy, are other health care-related countermeasures.
Information could be provided to the public and policymakers about the purpose and
meaning of shoulder rumble strips, which alarm or awaken sleepy drivers whose vehicles
are going off the road. These rum ble strips placed on high-speed, controlled-access, rural
roads reduce drive-off-the-road crashes by 30 to 50 percent. However, rum ble strips are
not a solution for sleepy drivers, w ho must view any wake -up alert as an indication of
impairment-a signal to stop driving and get adequate sleep before driving again.
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Employers, unions, and shift work e mployees need to be inform ed about effective
measures they can tak e to reduce sleep iness resulting f rom shift work sched ules.
Countermeasures include following effective st rategies for scheduling shift changes and,
when shift work precludes normal nighttime sleep, planning a time and an environment to
obtain sufficient restorative sleep.

URL
http://www.nhtsa.dot.gov/PEOPLE/INJURY/drowsy drivingl/drowsy.html
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Nordbakke, S. and F. Sagberg (2007)
""Sleepy at the Wheel: Knowledge, Symptoms and Behaviour among Car Drivers."
Transportation Research Part F: Traffic Psychology and Behaviour 10(1): 1-10.

KEYWORDS
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ABSTRACT

Driver sleepiness has been show n to be one of the m ost impor tant risk factors in ro ad
crashes. The aim of the present study was to increase the understanding of drivers' actions
when feeling sleepy. A natio nal Internet panel survey was conducted am ong private
drivers in the autumn of 2003. Reported symptoms of sleepiness differed between drivers
who had fallen asleep and those who had not, but had been afraid to do so. The results
indicate that drivers in ge neral have a good knowledge of th e various factors influencing
the risk of falling asleep wh ile driving. Furthermore, m ost of them are well aware of the
most effective m easures to prevent falling as leep at the wheel, su ch as stopping the car
and take a nap. In spite of a 1l their knowledge, most of the drivers continue driving when
recognising sleepiness while driving. A short trip, appointments, and the wish to arrive at
a reasonable hour are the m ost frequently reported reasons for ¢ ontinuing driving while
fatigued or sleepy.
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"Characteristics of crashes attributed to the driver having fallen asleep.” Accid Anal
Prev 27(6): 769-75.
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ABSTRACT

While it has been known for som e time that cr ashes can result from the driver falling
asleep at the wheel, this issue has re ceived less attention in traf fic safety programs than
the role of alcohol or speed of the vehicle. The present study was done to investigate the
characteristics of crashes attr ibuted to th e driver being asleep. The study utilized the
database at the Highway Safety Research Cent er at the University of North Carolina that
is based on the uniform crash reporting system in that state. Over the years 1990-1992,
inclusive, there were 4333 cras hes in which the driver was judged to be asleep but not
intoxicated. The crash es were primarily of the drive-off-the-road type (78% of the total)
and took place at higher speeds (6 2% in ex cess of 50 mph). The fatality rate w  as of
similar magnitude to that in alcohol-related crashes with fatalities in 1.4% of such crashes
(alcohol crashes had fatalities in 2.1 %). The cra shes occurred primarily at two tim es of
day--during the nighttim e period of increa sed sleepiness (m idnight to 7.00 a.m .) and
during the mid-afternoon "siesta" time of increased sleepiness (3.00 p.m.). These crashes
occurred predominately in young people. Fifty-fi ve percent of these were in individuals
25 years of age or younger, w ith a peak age of occurrence at age 20 years. Sleepiness
may play a role in cras hes other than those attributed by th e police to the driv er being
asleep. De termining the m agnitude of thisr oleisach allenge to the traf fic s afety
community.

RESEARCH NOTES
URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list uids=8749280
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Putcha, D. (2001)
Bus Accidents in the United States 1995-1999. Washington, DC: 22.

KEYWORDS
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ABSTRACT

This document presents aggregate s tatistics on buses invo lved in traffic accid ents over
five years, 1995-1999. These statistics are de rived from two sources: the Fatality

Analysis Re porting Sys tem (FARS) f ile m aintained by the National H ighway Traf fic
Safety Administration (NHTSA) and the Gene ral E stimates System (GES) f ile, also
maintained by NHTSA. All figures for involve ments in fatal accid ents and fatalities are
taken from the FARS files. The GES f iles are used to extend the analysis to non  fatal
accidents.

An estimated 286,000 buses were involved in traffic accidents over th e five year period,
1995-1999. About 1,483 of these were fatal bus involvements. There were 1,698 fatalities
and 154,000 injuries in accidents involving buses.

RESEARCH NOTES

URL
No URL provided.
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Radun, I. and H. Summala (2004)
""Sleep-related fatal vehicle accidents: characteristics of decisions made by
multidisciplinary investigation teams." Sleep_ 27(2): 224-7.
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ABSTRACT

OBJECTIVES: To analyze factors that explain the attribution of crash causes as sleep-
related by acciden t investigators. DESIGN: Anal ysis of national database of fatal road
accidents studied in depth. All nonprofessional nonintoxicated car drivers responsible for
a fatal accident from 1991 to 2001 were in cluded (N = 1464). SETTING: Finland, with
approximately 5.1 million inhabitants and 2.3 m illion motor vehicles. PARTICIPANTS:
N/A. INTERVENTIONS: N/A. ME ASUREMENTS: Comprehensive database recorded
by multidisciplinary in vestigation team s, with specific em phasis on the availability of
sleep-related driver variables and sleep-rel ated causal decisions by team s. RESULTS:
Injury severity, age, and m arital status of the responsible car driver were related to the
proportion of missing data in fatigue-related variables in the database (sleeping time, time
awake, lifetime mileage). While there were differences between investigation team s and
their activ ities, a series of logistic regression models s howed that the lack of relevant
variables in the databas e did not affect the proportion of acciden ts attributed to falling
asleep (10% of cases) or as having fatigue-related causal factors (an additional 5% of the
cases). The accident type (head-on and running-off versus other) and road conditions (dry
or wet versus icy or snowy pavement) predic ted the investigation team s' attribution of
sleep-related causes in all models. CONCLUSIONS: Multidisciplinary teams' attribution
of sleep-related caus al factors were rather stable, com prising 10% to 15% of the cases
investigated, independent of the availability of specific sleep-related information.

URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list uids=15124714
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Rajaratnam, S. M. and C. B. Jones (2004)
""Lessons about sleepiness and driving from the Selby rail disaster case: R v Gary
Neil Hart.” Chronobiollnt 21(6): 1073-7.
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ABSTRACT

In April 2003, near the town of Selby in No rth Yorkshire, England, a motor vehicle went
off the road to cause a train collis ion, killing 10 and injurin g more than 70 people. The
driver of the vehicle, Gary Neil Hart, had allegedly fallen asleep while driving, and was
charged and subsequently convicted of cau sing death by dangerous driving. Evidence
from an expert witness was led by the prosecuti on to establish that Hart had in fact fallen
asleep, and that prior to falli ng asleep, he knew (or ought to have known) that he was at
risk of falling asleep but nevertheless contin ued to drive. The issue of whether and to
what extent individuals are  aware that they are about to  fall asleep has significant
implications for crim inal prosecutions. Gene rally, the definition of a crim inal offe nse
includes a m ental element such as intent or knowledge. Ther efore, it is imperative that
issues such as whether in every individual there is forewarning of sleep and the degree to
which individuals are able to self-assess their ability to continue driving under conditions
of extrem e sleep iness m ust be resolved. Sleepiness is now regarded as the larges t
identifiable and preventable cause o f accidents in all m odes of transportation. Litigation
for such accidents is likely to increas e, and therefore it is of great importance that further
research be undertaken to examine the process of falling asleep, especially the subjective
experiences immediately preceding sleep.
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study." Rev PanamSaludPublica 16(1): 11-8.
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ABSTRACT

OBJECTIVE: To evalu ate th e re lationship th at tiredness and sleepin ess in bus drivers
have to road acciden ts in Peru. Inform ation from various countries in dicates that driver
sleepiness p lays an im portant ro le in ro ad accidents. However, ther e is on ly lim ited
information on this subject in Peru. METHODS: Using a supervised , pretested survey, a
cross-sectional observational and comparative study was carried out with 238 bus drivers
who drive on the Northern Pan American Highway of Peru. To determine the relationship
between variables the chi-s quare test was used, along wi  th the Pearson correlation
coefficient. The level of significance was set at P <(0.05. The variables analyzed were:
tiredness, sleepiness, hours of driving pe r day, daily hours of sleep, body m ass index,
snoring, sleep apnea, and either h aving ha d or alm ost having had an accident w hile
driving. RESULTS: Of the 238 driv ers, all of them were men, 45% said they had had or
nearly had had an accident while driving, 55% slept less than 6 hours per day, 31% had
slept less than 6 hours in the 24 hours before answering the survey, and 80% were in the
habit of driving m ore than 5 hours without  stopping. Of the drivers, 56% ofthe  m
reported being tired at least so me of the time while driving; of this group, 65% of the m
reported being tired during the early morning. Seventy-six drivers (32%) said that w hile
they were driving their eyes had fallen shut. In term s of where they slept, 194 of the
drivers (81%) said they always slept in th e lower luggage com partment of the bus while
another driver was driving the bus or when the bus was parked in the bus term inal. The
steps that d rivers took to avoid falling asleep while dr iving includ ed: wetting the f ace
with water, eating fruit, opening the window of the driver' s com partment, drinking
coffee, listening to m usic, smoking, chewing coca leaves, and drinking alcohol m ixed
with coca leaves. In the opinion of 55% of the drivers, the leading cause of road accidents
is tiredness. Accidents and near-acciden ts while driving occurred m ainly between
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midnight and 6 a. m. Having an accident or a near-accident was strongly associated with
tiredness and with having the eyes dr op shut while driving (P < 0.0005).

CONCLUSIONS: Tiredness and sleepiness while driving were comm on among the bus
drivers, with various possible causes: acut e and chronic sleep de  privation, irregular
schedule changes, and sleep disorders due to the drivers' working conditions. Our results
support the hypothesis that fatig ue and sleepiness am ong bus drivers are related to road

accidents.
RESEARCH NOTES
URL
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ABSTRACT

About 29600 Norwegian accident-involved drivers received a questionnaire about the last
accident rep orted to their insurance com pany. About 9200 driv ers (31 %) returned the
questionnaire. The questionnaire containe  d questions about sleep or fatigue as
contributing factors to the accident. In addition, the drivers reported whether or not they
had fallen asleep some time whilst driving and what the consequences had been. Sleep or
drowsiness was a contributing factor in 3.9% of all accidents, as reported by drivers who
were at fault for the accident. This factor ~ was strongly over-represented in night-tim e
accidents (18.6%), in running-off-the-road accidents (8.3%), accidents after driving more
than 150 k mon one trip  (8.1%), and perso nal in jury acciden ts (7 .3%). A lo gistic
regression a nalysis sho wed that th e following addition al factors m ade significant and
independent contributions to increasing the odds of sleep invo lvement in an accident: dry
road, high speed lim it, driving one's own car, not driving the car daily, high education,
and few yea rs of driving experience. More m ale than female drivers were involved in
sleep-related accidents, but this seems largely to be explained by males driving relatively
more than females on r oads with high speed limits. A total of 10% of male drivers and
4% of fe males reported to have fallen asle ep while driving during the last 12 m onths. A
total of 4% of these eve nts resulted in an accident. The m ost frequent consequence of
falling asleep—amounting to more than 40% of the reported incident s—was crossing of
the right ed ge-line before awaking, whereas crossing of the centreline was reported by
16%. Drivers' lack of a wareness of important precursors of falli ng asleep—like highway
hypnosis, driving without awareness, and sim ilar phenomena—as well as a reluctance to
discontinue driving despite feel ing tired are pointed out as likely contributors to sleep-
related accidents. More knowledge about the drivers' experiences immediately preceding
such accidents m ay give a better background for implementing effective driver warning
systems and other countermeasures.

URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list uids=10487339
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"Driver drowsiness—are physicians at a special risk?"* Harefuah_142(5): 338-41,
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ABSTRACT

BACKGROUND: Sleepiness at the wheel is the m ain cause of approxim ately a fifth of
road traffic acciden ts. T he driver will often feel drowsy be fore the a ccident, therefore
preventive m easures can be taken in order  to stay alert. AIM: To estim ate sleep iness
among sleep deprived drivers and to explore methods they use to stay alert. METHODS:
We choose three professions at increased ri sk of sleepiness: physicians working night
shifts, night shift nurses and hi-tech worker s who work 12 hours or m ore a day at least
twice a week. The su  bjects answ ered an an onymous questionnaire concerning past
involvement in road accidents or "near misses", known risk factors for road accidents and
methods used to fight sleepiness, as well as some de mographic data. RESULTS: A t otal
of 115 drivers (38 physicians, 37 nurses and 40 hi-tech workers) part icipated in this
study. The average age was 36.0 + 7.9 years and 53% males. Thirteen percent had been
involved in road accidents as  drivers in the last year, 53% of them remember that the
accident was due to sleepiness or f atigue. Thirty-seven percent rem ember at least one
occasion of "near accident" due to sleep iness. Driving in the "dang erous" hours was
positively associated with "near accidents " (69 % vs. 29%, p <0.001) and in accidents
(17% vs. 11 % P = NS). Physicians were i nvolved in "n ear accidents" (p < 0.005) more
often. The most frequent m ethods used to overcome sleepiness were: listening to the
radio (86.1%), opening the window (65.2%) and turning on the air conditioning in the car
(57.4%). CONCLUSION: Driving whilst sleepy  is an important co ntributor to road
accidents. It seem s that sleep dep rived wo rkers and especially physicians working in
shifts, are at an increas ed risk. This issue should receive a higher priority as part of
preventive medicine among physicians themselves and their patients.

URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list uids=12803055
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Streff, F., Spradlin, H. (2000)
Driver Distraction, Aggression, and fatigue: A synthesis of the literature and
guidelines for michigan planning. Ann Arbor, UMTRI: 40.
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ABSTRACT

This report summarizes literatur e on the issues of distract ion, attention, aggression and
fatigue as they relate to driving behavior a nd traffic crashes. There are th ree sections to
this report: Distraction a nd Atten tion, Aggression, and F atigue. Inform ation in each
section is p resented in the s ame basic form at. First, the key te rm for each sec tion is
defined. Second, the research findings in ~ the area and their im plications for OHSP
program developm ent are discussed. Finally, the report concludes with an annotated
bibliography of relevant literature from each subject area.
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monotonous simulated driving.'* Personality And Individual Differences_34(1): 159-
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ABSTRACT

This study aim s at evaluating personality predictors of driver fatigue. Individual
differences in subject' s perform ance are we 1l docum ented in vigilance studies. Since
monotonous highway driving can be seen asa  vigilance task, it is possible that these
differences m aterialize in this context and explain a portion of fatigue-related driving
errors and accidents. Fifty-six m ale subjects drove for two 40 m in periods on a straight
highway. Road environ ment was repetitive and monotonous in one co ndition (road A),
whilst visual elements aiming to disrupt monotony were presented in the other one (road
13). Multiple regression analys es showed that sensation se eking, and m ore specifically
the Experience Seeking (ES) dim ension, are predictive of the standard deviation of
steering wheel m ovements, a perform ance m easure used to assess driver fatigue. ES
explains 12.3% of the observed variance on road A and 8% on road B. An interaction
effect was also obtained between ex traversion and sensation seeking on road A, where
sensation seeking explained 26% of the obs erved variance, but only for the more
extraverted subjects. Results al so indicate that s ubjects who report falling asleep at the
wheel in th e past tend to be high sensation seekers. Im plications in term s of driver
evaluation and m anagement are discussed (C) 2002 Elsevier Scie nce Ltd. All rights
reserved.

URL
No URL provided.
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Department for Transport.Driver Sleepiness (No.21)
London, Department for Transport: 1-12.
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Al.2 Annotated Bibliography: Effect of Fatigue on Performance

Baas, P. H., Charlton, Samuel G., and Bastin, Gary T. (2000)
""Survey of New Zealand truck driver fatigue and fitness for duty.” Transportation
Research: 185-193.
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ABSTRACT

This paper presents recent research into compliance with current driving hours re gulations,
the effectiveness of using driving hours to predict fatigue, and alternative compliance and
enforcement options. The paper describes results of a major survey of truck driver fatigue
in New Ze aland, a revie w of inter national compl iance and e nforcement procedure s, and
research focusing on the social forces and influences that affect truck drivers. The survey of
truck driver s was bas ed on intervie ws and per formance tes ts collected from 600 tr uck
drivers at depots, whar ves, markets, and ot her locations t hroughout the North Island of
New Zealand. The inter views included: ques tions on driver de mographic and work/ rest
patterns, drivers' attitudes towards fatigue, pr opensity towards dayt ime sleepiness, and a
self-assessment of the driver' s momentary level of fatigue. In addition, a si mulator-based
performance test of driving was undertaken. The performance test included a combination
of a standar d dri ving ta sk, a dual-a xis s ub-critical tracking task ( maintaining spee d and
steering in a controlled but unstable enviro ~ nment, a virtual roadway affected by the
appearance of random wind gusts requiring steering correction), and a tertiary or side-task
requiring dri ver monitoring and periodic respons es. The initi al results fr om the first 100
drivers have found a sizable number of drivers exceeding the allowable driving hours, high
levels of fat igue and sle epiness, and intere sting differe nces betwee n line-haul and 1 ocal
delivery drivers. A related research project into the social processes and relationships that
affect truck drivers has resulted in a good understanding of the so cial conditions that
influence cultural change and the actions of truck drivers a nd fleet managers. In this paper
we will have particular regard to these processes in the co nstruction of ideas concerning
safety. This includes an understanding of the role of major stakeholders, such as frei ght
forwarders and the enforcem ent agencies with respect to  drivers and their conditi ons,
actions and understanding of the road transport industry. This knowle dge coupled with the
survey re sults and a n understandi ng of comp liance and enforcem ent alternatives will be
used to expl ore potential fatigue management options. © 2001 Elsevier Science Ltd. All
rights reserved.

URL
http://ntlsearch.bts.gov/tris/record/tris/00810580.html
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ABSTRACT

The application of reaction tim e (RT) asa secondary task to de termine sleepiness in
drivers is of increasing interest, but is a problem atic area. W e assessed the exte nt to
which RT reflected this sleepiness, and/or ot herwise affected driving behaviour in sleep
restricted, moderately sleepy people. They dr ove a real-car interactive simulator for two,
two hour afternoon m onotonous drives, with an d without RT (counterbalanced). S imple
auditory RT was use d, with a sem i-random inter-stimulus interval averaging 21/2
minutes. Lane wandering (driving "inciden  ts"), subjective and EEGm  easures of
sleepiness were obtain ed. For both condition s all th ree indices chan ged signif icantly
during the course of the afternoon circadian "dip". However, this was not reflected in RT,
which remained relatively stable. Neverthe less, RT provided m ore "stimulation" for the
sleepy driver, and significantly reduced subj ective s leepiness, with a trend for fewer
incidents and a more alert EEG. Possible reason s for the dis parity in sensitivity between
RT and the other m easures are discussed. Unde r this experim ental protocol, RT did not
provide a useful guide to driver sleepiness; it was merely a mechanism for increasing task
load and reducing m onotony. The drivers' own insight into their sleepiness had more
validity as a tool for assessing sleepiness.
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ABSTRACT

Two driving sim ulator studies are reported wh ich investigate the variation of fatigue
effects with task dem ands and provide recommendations for system design to counteract
driver fatigue. Two opposing explanations of th e interactive effects of task dem ands and
fatigue were exam ined. One explanation is that fatigue drains attentional resources, so
that de trimental effects of fatigue on perf ormance are accentuated when task dem ands
increase. The alternative explanation is that fatigue disrupts m atching of effort to task
demands, such that the f atigued driver fails to r egulate effort effectively when the task
appears easy. In both studies, drivers perform ed both a fatiguing drive, in the first part of
which they were required to perform a seconda ry detection task, and a control drive with
no additional secondary task. In the last part ~ of both drives, drivers were required to
detect m ovement in pedestrian stimuli pres ented on both sides of  the road. Vehicle
control and steering movem ents were 1 ogged throughout both driv es. The results are
consistent with dynamic models of s tress and sustained perf ormance which suggest that
fatigue may impair adaptation to conditions of underload, but are inconsistent with the
attentional resource explanation. These task  -specific fatigue effects havei  mportant
implications for in-vehicle counterm easures to driver fatigue. Curre nt approaches to the
implementation of such devices fail to reflect the task-specific nature of fatigue effects.
Fatigue-monitoring devices m ay only be vali d in certain driving environm  ents or
contexts. Hence, it may be necessary to integrate performance-based feedback monitoring
information with route and traffic density information from navigation systems.
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"Impairment of driving performance caused by sleep deprivation or alcohol: a
comparative study.” Hum Factors 41(1): 118-28.
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ABSTRACT

A study was conducted to assess the relativ e im pact of partial sleep deprivation
(restriction to 4 h sleep before testing) a nd full sleep deprivation (no sleep on the night
before testing) on 2 h of sim ulated driving, compared with an alcohol treatm ent (mean
blood alcohol content = 0.07%). Data were collected from the 64 male participants on the
primary driving task, psychophysiology (0.1 Hz  heart rate variability), and subjective
self-assessment. The re sults reve aled that the full sleep de privation and alcohol group
exhibited a saf ety-critical dec line in la ne-keeping perform ance. The partial sleep
deprivation group exhibited only noncritical altera tions in prim ary task perform ance.
Both sleep-deprived groups were characte rized by subjective discom  fort and an
awareness of reduced perform ance capabil ity. These subjective symptom s were not
perceived by the alcohol group. The findings are discussed with reference to the
development of systems for the online diagnosis of driver fatigue. Potential applications
of this research include the formulation of performance criteria to be encompassed within
a driver impairment monitoring system.
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Philip, P., J. Taillard, et al. (2003)
""Effect of fatigue on performance measured by a driving simulator in automobile
drivers." J PsychosomRes 55(3): 197-200.
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ABSTRACT

OBJECTIVE: To identify risk facto rs of perf ormance decrement in autom obile drivers.
METHODS: 114 drivers (age <30 years, n=57; age > or =30 years, n=57) who stopped at
a rest stop area on a freeway were recruited for the study. They filled out a questionnaire
on their journey, sleep/wake patterns and performed a 30-min test on a driving simulator.
The test evaluates, by computerized analysis, the lateral deviation of a virtual car from an
appropriate trajectory on a virtual road. A sex/age matched control group was recruited in
the community. Control subjects were studied at the same time of day a s the index case
driver. Controls had normal sleep wake schedule, absence of long driving and performed
the same driving test. RESULTS: Drivers performed significantly worse than controls on
the driving test. Age and duration of drivi  ng were the m ain factors associated with
decreased perform ance. CONCLUSION: Our  driving simulator can identif y f atigue
generated by driving but results must be considered in relation with age of subjects.
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ABSTRACT

Car accidents are one o fthe m ajor causes of death in m odern society and sleepines s is
identified as one m ajor risk factor. T he purposes of the present study were: (1) to relate
the sleep loss and driving time to a perf ormance indicator and (2) to ide ntify risk factors
of performance decrement. We investigated 294 drivers (age <30 years, n = 100; age >
or =30 years, n = 194) who dr  ove into a rest st op area. All were as ked to fill out a
questionnaire about the drive and previous sleep/wake pattern, and to carry outa 10 m in,
simple reaction time (RT) test. The level of performance is identified by the 10% slowest
RTs. Multiple regre ssion analysis, with th e m ean of the 10% Slowest RTs as the
dependent variable, showed th at age, duration of drive, and duration (shortness) of
previous breaks were the m ain predictors. Our study suggests that public awareness may
need to be raised with respect excessive length of driving, especially in young drivers.
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ABSTRACT

This resea rch investiga ted the saf ety im pact issues of jo b-associated sleep in truck
drivers. The research focused on the anonym ous survey of professi onal truck drivers.
Information was gathered regarding per ception of driving perform  ance and its
relationship to sleep on the road. In additi  on to the survey, detailed infor mation was
gathered on a typical sleeper berth used by 65% of the respondents.

All recom mendations address is sues tha t were id entified by less than 85% of the
respondents in the questionnaire. T hus, the potential im pact of these recommendations
may be low due to the small response sample of professional drivers. First, drivers should
be m edically screened and treated if nece  ssary for sleep disorders. Second, special
training and education is needed to help dr  ivers im prove t heir strategies to overcom e
fatigue and obtain higher and/or greater quan tity of sleep. Third, the presence of s leep
deprivation in drivers, as a result of many contributing factors, indicates a need for a
comprehensive design model for work-re st cycle planning. Fourth, the physical
discomforts reported by drivers need additional investigation to determine the sources of
exposure in order to facilitate exposure elimination or reduction.
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ABSTRACT

The current survey investig ates the features of driver fatigue inc idents (accidents,
near acc idents and u nintentional drif ting-out-of-lane events) wh ich o ccurred in
cities. The resu Its show similar patterns to previous surveys, with incident trips
tending to be short, and prior sleep lo  ss and late night driving featuring as
factors. Work trips feature very strongly among city fa tigue incident trips and
work is also a common reason for sleep loss before a fatigue incident. Consistent
with the high representation of work trips, there are p eaks in incident occurrence
at commuter travel tim es. Shift work ers are prom inent am ongst fatigue incident-
involved drivers. S ocial trips also feature am ongst fatigue incident trips
countermeasures.
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ABSTRACT

Fatigue and long driving hours have been im  plicated as risk factors in truck crashes.
Under federal regu lations, commercial d rivers are perm itted to drive n o more than 10
hours before having an 8-hour break and cannot work more than 70 hours over an 8-day
period. Several studies have suggested that violations of these rules are common. A
survey of long haul tractor-t railer drivers was ¢ onducted to estim ate what proportion of
drivers repo rt that th ey regularly violate the hours-of-s ervice rules and to id entify the
drivers m ost likely to comm it hours-of -service v iolations. During Decem ber 1990
through April 1991, a total of 1,249 drivers were interviewed at truck safety inspection
stations, truck stops, and agricultural insp ection stations in C  onnecticut, Florida,
Oklahoma, and Oregon. In each state, interv iews were conducted during varying periods
of the day over the course of seven days at  inspection stations. Overall, 89 percent of
eligible drivers asked for interviews participated in the survey. According to self-reports,
almost three-fourths of the respondents violat e hours-of-service rules. About two-thirds
of the drivers reported that they routinely drive or work more than the weekly maximum.
A prim ary impetus for violating rules appear s to be econom ic factors, including tight
delivery schedules and low paym  ent rate s. Many other driver, job, and vehicle
characteristics were significantly associated with being an hours-of -service violator. T he
high prevalence of hours-of-servi ce violations among tractor-tra iler drivers is a problem
in need of urgent attention. Potential m easures to reduce the prevalence of rules
violations include m ore enforcem ent directed toward ca rriers, wi der use of electronic
recorders, and increasing the number of rest areas.
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ABSTRACT

Drowsiness and fatigue are serious problems in all transportation systems. One persistent
issue is the lack of an agreed definition of th ese respective energ etic states. Her e we
review the theoretical appr oaches (cognitive versus physiological) fram ing the driver

fatigue problem. Known contri buting factors to drowsiness include sleep debt, circadian
rhythm, and shift work. However, we also  suggest that certain inherent physiological
reactions engaged in responses to m otion itself represent a previously unrecognized but
significant source of fatigue. W e confirm the impact of this factor through com parisons
of studies that either have or have not included prolonged motion.
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ABSTRACT

Psychological fatigue is defined as a subjectiv ely experienced disinc lination to continue
performing the task at hand. It generally im  pairs hum an efficiency when individuals
continue working after they have becom e aware of their fatigue. It does not depend on
energy expenditure and cannot be measured simply in term s of performance impairment.
The interacting causal contributi ons to fatigue are the length of continuous work spells
and daily duty periods, tim e available for rest and continuous sleep, and the arrangem ent
of duty, res t, and sleep period s within each 24-h cycle. Em pirical evidence for th e
separate and combined effects of these f actors on fatigue, perform ance decrement, and
accident risk are briefly reviewed, and the im plications of these findings for driving and
road safety are considered, with particular reference to the professional driver. This study
shows that fatigue is insufficiently recognized and reported as a cause o froad accid ents
and that its effects stem larg ely from prolonged and irregula r working hours, rather than
simply from time spent at the wheel.
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ABSTRACT

The objective of this project is to provide ba seline information to asses s the s afety and
economic impact of the proposed hours of service (H OS) options. The analysis is
organized around driver/opera tion groups developed by F ederal Motor Carr ier Safety
Administration (FMCSA) for the hours of serv ice (HOS) options. This report provides
preliminary information for a Notice of Propose d Rulemaking. Baseline estimates of the
prevalence and risk of fatigue accidents ar e presented. Estim ates of the num ber of
vehicles, vehicle m iles of tr avel and fatigue accidents are developed f or populations
affected by hours of service re gulations. The incidence of fa tigue accidents is com bined
with the population data to estim ate the ove rall risk of fatigue accidents. These risk
estimates are the necessary starting point for subsequent estimates of the safety impact of
each HOS option.

A preliminary assessment of the impact on dr ivers and m otor carriers is also presented,
including baseline inform ation on driver wages, hours and working conditions. This
information shows that driver s do not com ply with curren t regulations. Estim ates are
presented of the cost of com pliance with the current law, as well as social opportunity
cost of the proposed policy changes. Qualitative estimates of the industry impact on daily
and weekly schedule and daily and weekly maximum hours are presented.
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ABSTRACT

The current survey inv estigates th e features of driver fatigue incidents (accidents, near
accidents and uninten tional driftin g-out-of-lane events) w hich occu rred in cities. The
results show similar patterns to previous survey s, with incident trips tending to be short,
and prior sleep lo ss and late night driving featuring as factor s. Work trips feature very
strongly among city fatigue incident trips a nd work is also a common reason for sleep
loss before a fatigue incident. Consistent with the high repres entation of work trips, there
are peaks in incident occurrence at commuter travel times. Shift workers are prom inent
amongst fatigue incident-involved drivers. ~ Social trips also feature a mongst fatigue
incident trips but are likely to be more difficult to address with countermeasures.
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ABSTRACT

Driver f atigue and loss -of-alertness have 1 ong been cons idered important issue s in
commercial m otor vehicle (CM V) crashes re sulting inf atality and injury. The
Department of Transportation has devoted cons iderable resources to addressing the issue
of CMV driver fatigue, including sponsorship of major field research studies. In 1988, the
Federal Highway Adm inistration held a Sym posium on Truck and Bus Driver Fatigue.
The recom mendations of the Sym  posium re sulted in the decision to conduct a
comprehensive Driver F atigue and Alertn ess Study (DFAS). This study included an
extensive literature review that highlighted a need for additional data about drivers whose
particular job characteristics might lead to irregular schedules, night driving, and daytime
sleeping.

A survey was designed and conducted, to extend prior work discussed in the Driver
Fatigue and Alertness Study literature revi  ew, by collecting additional data about
commercial motor vehicle (CMV) drivers and thei r job ch aracteristics. It also soug ht to
determine the prevalence of factors that may contribute to fatigue in CMV drivers and to
identify and assess the methods used by drivers to alleviate fatigue or its sym ptoms. This
tech brief summarizes the methods and results of that survey. 4 p.
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ABSTRACT

Causality factors, the responsibility of the dr iver and driver fatigue -related factors were
studied in fatal two-vehicle accidents where a trailer truck driver was involved during the
period of 1991-1997 (n=337). In add ition, 251 long-haul truck drivers were surv eyed in
order to study their views regarding contributing factors in accidents involving trucks and
the development of pos sible countermeasure against driver fatigue. Trailer truck drivers
were principally responsible for 16% of all the accidents. Younger driver age and driving
during evening hours were significant predicto rs of being principa lly responsible. In
addition, the probability of be ing principally responsible fo r the accident increased by a
factor of over three if the driver had a ch ronic illness. Prolonged driving precedin g the
accident, accident history or traffic offence history did not have a s ignificant effect. Only
2% of the drivers were estimated to have f allen asle ep while driv ing just prior to the
accident, and altogether 4% of the drivers had been tired p rior to the acciden t. Of the
drivers 13% had however, been driving over 10 h preceding the accident (which has been
criminally punishably in Fi nland since 1995 under the EC re gulation) but no individual
factors had a significant effect in predic  ting prolonged driving. The surveyed views
regarding causes of truck accidents correspond well with the accident analysis. Accidents
were viewed as being most often caused by  other road users and driver fatigue was
viewed to be no m ore than the fifth (out of eight) comm on cause of acciden ts. T he
probability of viewing f atigue as a more common cause incre ased significantly if the
driver had experienced f atigue-related problems while driving. However, nearly half of
the surveyed truck drivers expressed a nega tive view towards developing a technological
countermeasure against driver fatigue. The negative view was not related to personal
experiences of fatigue-related problems while driving.
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ABSTRACT

We distinguish between fatigue caused by the  demands of the dr iving task itse 1f (see
Hancock & Desm ond, 2001) from the standard tr aditional approach that links fatigue
predominately to the lack of sleep. Fatigue can be caused by two sources: (1) the driver’s
initial state before starting the drive, or (2) the characteristics of the drive and the road
environment; both sources can have a cumulative effect. It is not clear what principles are
involved in m aking one road environm ent m ore prone to inducing dr iver fatigue than
another. For the purpose of the current presen tation we provide em pirical data on road
environment and driver fatigue summ arized from a series of three experim ents that the
first author has conducted at Ben-Gurion Un iversity (see Oron-Gilad, 2003; Oron-Gilad,
et al., 2001). Those are examined in relation to the Hancock and Warm (1989)

model of adaptability. The m  ost significan t and consistent findings of the three
experiment is in the way that fatigue is re flected in driving performance across different
road environments. These findings suggest that drivers are flexible in the way they handle
fatigue over the course of tim e. They can a dopt different strategies to com pensate for
their performance decrement, by focusing effort s on critical elements of each differen t
type of roadway. Understanding of this dependency of fatigue symptom s on road
conditions is of especial relevance to designe rs of technological fatigue countermeasures
as well as those of future roadway systems.

RESEARCH NOTES

URL
No URL provided.

111



Rest Areas, Reducing Accidents Involving Driver Fatigue

Sabbagh-Ehrlich, S., L. Friedman, et al. (2005)
""Working conditions and fatigue in professional truck drivers at Israeli ports."
InjPrev 11(2): 110-4.

KEYWORDS

Accident Prevention/methods
Accidents, Occupational/*psychology
Accidents, Traffic/psychology
Adult

Aged

Automobile Driving/*psychology
Employment

Female

Health Status

Humans

Israel

Male

Mental Fatigue/*psychology
Middle Aged

Motor Vehicles

Rest

Risk Factors

Safety

Sleep

Sleep Deprivation/psychology
Stress, Psychological/psychology
Time Factors

Work Schedule Tolerance/psychology
Workload/*psychology

ABSTRACT

BACKGROUND: Trucks represent 6% of all vehicles, but truck crashes account for 20%
of road deaths in Israel, even though trav el distances are usually short (<200 km )and
overnight travel is uncommon. OBJ ECTIVE: To determine occupational and individual
predictors of fatigue, falling asleep at the wheel, and involvement in crashes with injuries
and deaths in truck drivers. SETTING AND M ETHODS: We carried out field interviews
of 160 port truck drivers regarding driver characteristics, workplace and driving
conditions, em ployer-employee relations, m edical conditions, sleep quality and fatigue,
falling asleep at the wheel, and invo lvement in road crashes. RESULTS: One day before
interview, 38.1% of the drivers had worked more than the 12-hour legal limit. More than
30% reported falling asleep at the wheel recently, and 13% had prior involvem ent in a
sleep related crash. S ixty-seven (41.9%) driver s said that th eir employer forced them to
work beyond the legal 12 hour daily lim it. Invol vement in a crash with casualties was
associated with poor sleep quality (adjuste d OR =2.9; p = 0.042) and frequent difficulty
finding parking when tired (OR = 3.7; p =0.049). Self-assessm ent of fa tigue
underestimated fatigue from the Pittsburgh Sleep Quality Questionnaire. However fatigue
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occurred in many drivers w ithout sleep problem s and ma ny crashes occurred without
fatigue. CONCLUSIONS: Prevention requires ~ m easures to reduce work stresses,
screening drivers, speed contro I, and modal shifts. The work risks and adverse outcomes
of truck drivers in large countries w ith long overnight journeys occur in a sm all country
with small distances, relatively short work journeys, and little overnight travel.
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ABSTRACT

A population-based case-control study was carried out to exam ine driver risk factors for
sleep-related motor vehicle crashes. Cases included 312 drivers involved in recent North
Carolina crashes and ide ntified on p olice reports as as leep at the time of the cra sh and
155 drivers identified as fatigued. Controls ~ were 529 drivers also involved in recent
crashes but not identified as asleep or fatigued, and 407 driv ers not involved in recent
crashes. All drivers were contacted for brie f telephone interviews. Results showed that
drivers in sleep-related crashes were more likely to work multiple jobs, night shif'ts, or
other unusual work schedules. They averag  ed fewer hours sleep per night, reported
poorer quality sleep, were less likely to feel they got enough slee p, were sleepier during
the day, drove m ore often late at night, and ha d more prior instances of drowsy driving.
Compared to drivers in non-sleep-related crashes, they had been driving for longer times,
been awake more hours, slept fewer hours the ni ght before, and were more likely to have
used soporific medications. Knowledge of specific risk factors for sleep-related crashes is
an important first step in re ducing the thousands of deaths and injuries each year in the
US attributed to drowsy driving.
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consumption.” Hum Factors 36(2): 315-26.
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ABSTRACT

Fatigue increases th e risk of an accident if  th e driver, on recognizin g sym ptoms of
fatigue, does not stop driving. W e studied whether a tendency to continue the current
activity and com plete the ta sk especially affects younger  drivers, who are more
susceptible to m otivational pr essures at the wheel in general. Th e data consisted of
Finnish in-d epth s tudies on 586 s ingle-vehicle and 1357 multip le-vehicle acciden ts in
which at least one vehicle occupant died. When excluding alcohol-related cases, the
results show ed that, first, trailer-truck driver s who either fell asleep or were tired to a
degree that contributed to th e accident were younger than those involved in the other
fatalities. F or car driv ers, the pro portion of fatigue-related cases was approximately
constant in each age group, but a v ariation was seen when studied according to the tim e
of day of the acciden t, mainly resulting from two distinct peaks. The first was in y oung
drivers 18 to 20 years old between m idnight and 6:00 a.m. The other occurred in drivers
56 years and older during the late afternoon hours. These data also indicate that in term s
of fatal accidents, fatigu e and alcohol seem to be less of a p roblem for truckers than for
car drivers.
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ABSTRACT
Strategies to achieve ambitious targets fo r red ucing road acciden ts (3 4) have largely
focused on engineering and technologica l advancem ents, the modification of

occupational demands, and, to a lesser extent, human factors. These factors include stress
and psychological states; sleep, fatigue, and aler tness; and health status. Physical activity
appears to influence all thes e human factors but has not previously been systematically
considered as a direct or indirect risk factor for driver accidents. This chapter provides an
overview, within an evidence-bas ed fram ework, of the impact each  of these hum an
factors has on driver perform ance and risk of at-work road traffic accidents and then
examines how physical (in)activity m  ay mo derate and m ediate these relationships.
Finally, we consider practical implications for work site in terventions. The review aim s
to offer an evidence base for the deploym ent of resources to prom ote physical activity,
manage stress, facilitate sleep, reduce fatigue , and enhance alertness to im prove physical
and psychological health among professional drivers.
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ABSTRACT

This is the Technical Summ ary of the research report Commercial Motor Vehicle Driver
Fatigue and Alertness Study by W ylie et al ., dated October 1996, concerning the largest
and m ost c omprehensive over-the-road study on this subject ever conducted in North
America.

The data collection involved ei ghty drivers in the U.S. a nd Canada who were m onitored
over a period of sixteen weeks. A number of work-related factors thought to influence the
development of fatigue, loss of alertness a nd degraded performance in CMV drivers was
studied within an operational setting of real -life, r evenue-generating trip s. Th ese
included: the am ount of tim e spent drivi ng during a work period; the num ber of
consecutive days of driving; the tim e of day when driving took place; and schedule
regularity.

In Section 1 of the Technical Summary, the re ader is provided with som e extracts from
the technical literature on the involvem ent of fatigue in crashes, a historical summ ary of
the U.S. Departm ent of Transportation’s focus on commercial m otor vehicle d river
fatigue and the background to the study. The st udy’s overall objectives and the approach
used in their attainment are also provided. Section 2 presents the conclusions drawn from
the literature review conducted in prepar  ation for the study and considered in the
formulation of the study’s own conclusions a nd recommendations. Section 3 presents the
study m ethodology and data collections m ethods, while Section 4 presents the study’s
results, conclusions and recommendations.

For the am ount of sleep and the four to five days of driving observed for each driver in
this study, it was found that the strongest and most consistent factor influencing driver
fatigue and alertness was time-of-day; drowsiness, as observed in video recordings of the
driver’s face, was markedly greater during night driving than during daytime driving. The
number of hours of driving (tim e-on-task) and cum ulative num ber of days were not
strong or consistent predictors of observed fatigue. Numerous other findings are provided
relating to scientific methodologies and fatigue countermeasure concepts.

URL
http://www.tc.gc.ca/TDC/publication/pdf/12800/12876¢.pdf
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Brown, I. D. (1997)
"Prospects for technological countermeasures against driver fatigue.” Accid Anal
Prev 29(4): 525-31.
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ABSTRACT

There are three reasons for giving serious consideration to technological countermeasures
against dr iver f atigue: 1, f atigue is a persistent occupati onal hazard for professional
drivers; 2, som e profe ssional driv ers are und er cons iderable p ressure to reach their
scheduled destination, in sp ite of feeling drowsy; 3, fa tigue adversely affects an
individual's ability to assess their own fitness to continue driving. However, there are two
reasons for exercising caution in im plementing technological counterm easures: 1, their
reliability under real traffic conditions is  largely unproven ; 2, they co uld be u sed by
unscrupulous drivers to support  the continuation of journeys that should have been
terminated because of hum an impairment. This paper draws on the findings of research
into the origins, sym ptoms and developm ent of hum an fatigue, and o n recent res earch
into driver-support systems, to assess the pr ospects for implementations of technological
countermeasures against driver fatigue in the foreseeable future.
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ABSTRACT
The effect of partial sleep deprivation (PSD ) on driving abilities, as m easured with a
driving simulator, and the value of slow-release caffeine as a counterm easure to the

expected perform ance decrem ents, were st udied. Twelve subjects, between 20 and 25
years of age, underwent four experimental conditions, 4.5 or 7.5 h time in bed (TIB) with
300 m g slow-release caffeine or p lacebo, according to a Latin square design. Driving
performance was m easured twice b y a 45-m in driving task on a sim ulator. Subjective
sleepiness/alertness and m ood wer e assessed four tim es, by m eans of the Stanford
Sleepiness Scale (SSS) and Profile of Mood  States (POMS). After 4. 5 h as co mpared
with 7.5 h TIB lane drifting and speed deviat ion were higher, but only the effect on the
first variable reached significance. In the placebo condition at 13.00 h, accident liability
increased after PSD. Subjective sleepiness was higher in the 4.5 h TIB group. Caffeine
intake gave rise to a d ecrease in lane drif ting and af ter PSD it led to a sm aller speed
deviation and accident liability. The findings su ggest that a lack of sle ep can lead to a
significant driving performance impairment, with drivers having problems to maintain an
appropriate road position and a posted speed  and m ore drivers get ting involved in an
accident. Secondly, th e resu Its indicate that ca ffeine - m ore specifically slow-release
caffeine - can serve as a valuable countermeasure to these performance decrements, in the
absence of any im portant side-effects, especi ally when its applica tion is of an acute
nature and when there is no opportunity to take a nap.
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ABSTRACT

Two of the leading caus es of automobile accidents are driver impairment due to alco hol
and drowsiness. Apparently, a relatively la ~ rge percentag e of these acciden ts o ccur
because drivers are unaware of the degree to which they are impaired. The purpose of this
research was to develop m odels, utilizing changes in driver behavior, which could detect
driver im pairment due to alcohol, drowsi  ness, or the com bination of alcohol and
drowsiness, and which could be practically implemented in an autom obile. A com puter-
controlled autom obile sim ulator was used to sim ulate a nighttim e highway driving
scenario for six drivers who pa rticipated in each of four conditions : a control condition,
an alcohol condition, a sleep-deprived condi tion, and a com bined alcohol and sleep-
deprived condition. The results indicated that a useful on-board drow siness detection
device is possible and practical for highway  driving. The results also showed that on-
board alcohol im pairment detection m ay be possible at levels below the legal driving
limit in most states (BAC 0.1%).
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ABSTRACT

This study is the fourth in a series exam ining driver fatigue in  the Australian long
distance road transport industry. Thirty-seven long haul truck drivers were measured on a
routine 4500 km round trip. Two types of driving operati ons were com pared, single
driving, involving a solo dr iver, and two-up driving, where a pair of drivers operate a
truck continuously and alternate between wo rk and rest. Two-up drivers reported higher
levels of fa tigue than single drivers overa 1l and tended to show poorer levels of
performance. However, this re sult appeared to r eflect dif ferential fatigue at the sta rt of
the trip. Both two-up and single drivers show ed marked increases in fatigue acro ss the
first half of the trip, followed by a substant  ial recovery o f aler tness and performance
provided that drivers had stationary overnight rest at mid trip or had shorter trips. Fatigue
continued to increase on the s  econd half of the trip for dr  ivers who did longer trips
without the benefit of a substantial night rest or who did not have access to on-board rest,
that is single drivers. T he use of overnigh trest, in com bination with two-up driving,
appeared to be the most successful strategy for managing fatigue across the trip.
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ABSTRACT

Fatigue m anagement education for drivers is  often advocated but evaluations of its
effectiveness are seldo m published. As part of a com prehensive fatigue m anagement
approach, driver education programmes we re developed and im plemented for light
vehicle drivers working for a m ajor oil company, and heavy vehicle drivers working for
its distribution contractors and other co mpanies in New Zealand. Three different
assessments of the e ffectiveness of trai ning were undertaken. An anonym ous quiz was
administered to 275 heavy vehicle drivers before and after a 2-h live fatigue m anagement
training session, to assess imm  ediate knowle dge transfer. There was a significant
improvement in the median score from 9/16 to 14/16. A follow-up survey was m ailed to
all tanker drivers working for the p etroleum distribution contractors 1-26 m onths after
training (74% response rate). Most tanker d rivers (82 %) answered correctly on at least
12/14 true/f alse questions a bout fatigue and counterm easures. Seventy--five percent
thought that fatigue m anagement training wa s at least moderate ly useful, 47% had
changed their strategies at home, and 49% had changed their strategies at work. A follow-
-up survey was also distribu ted at least one month after  initial training to 350 light
vehicle drivers (54% response rate). The m ajority (70%) an swered correctly on at least
11/13 true/false questions about fatigue and countermeasures. Ninety-one percent thought
that fatigue m anagement tr aining was at leas t m oderately useful, 50% had changed
strategies at home, and 43% ha d changed strategies at wor k. These findings suggest that
immediate knowledge gains at the tim e of tr aining were largely retained, a significant
proportion of drivers had im plemented at least some of the strategies suggested, and the
majority perceived at least some benefit from fatigue management training. We conclude
that fatigue management education is useful for developing a fatigue management culture
within an organization.
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ABSTRACT

STUDY OBJECTIVES: Night work can be da  ngerous because b oth circ adian sleep
propensity (process C) and sleep pressure due to the pro longed wakefulness (pro cess S)
contribute to the reduction of vigilance levels. As naps are a counterm easure to
sleepiness, this study evaluates the role they play in preventing sleep -related accidents in
Italian shift-working police drivers. DESIGN/ SETTING/PARTICIPANTS: The study
concerns highway car acciden ts that occurred to Ita lian shift-working police d rivers; it
was performed in 2 steps: a retrospective anal ysis of the overall num ber of accidents that
occurred during the years 1993- -1997 (n, 1195), followed by a validation analysis of a
smaller co hort of acciden  tsp rospectively collected during 2003 (n, 84).
INTERVENTIONS: N/A. MEASUREMENTS AND RE SULTS: R ETROSPECTIVE
ANALYSIS: The influence of process S, process C, driver characteristics, and context
conditions on accident risk, estim ated by m eans of Cox hazard reg ression, revealed that
nighttime acciden t risk was m ainly influenc ed by proces s S levels. Consequently, an
experimental m athematical m odel linking th e hourly observed num ber of accidents to
process S levels was designed. Its generali  zation to the theore tical case of dr ivers
omitting naps showed an increase of about 38% of acciden  ts. PROSPECTIVE
ANALYSIS: In order to validate our results, we compared retrospective and prospective
sleep patterns: no statistical difference wa s found. Again, the hourly number of accidents
increased w ith hom eostatic sleep pressure ; th e theo retical efficacy of napping was
quantified in 48% accidents d ecrease. CONCLUSIONS: Our data seem to confirm that
napping before working a night shift is an effective counterm easure to alertness and
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performance deterio ration associated with  night work. Moreover,  this self -initiated
behavior could have a prophylactic efficacy in reducing the number of car accidents.
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ABSTRACT

This study focused on eyeblink duration asa  measure of sleepiness in on-road driving
and on the driving perf ormance of professi onal bus drivers with polysom nographically
confirmed mild obstructive Sleep Apnea Syndrome (OSAS). Ten bus drivers with O SAS
and their matched controls participated in the study. The M aintenance of Wakeful ness
Test (MWT) and a m onotonous on-road drivin g task were com pleted. Eyeblink duration
and frequency and speed control were m easured while driving. Lane-keeping was
evaluated by the supervisor in the car. Subs  equent to the se tasks, drivers with OSAS
received continuous positive airway pressure treatment (nasal CPAP). After nine weeks
of treatment, the tasks were repeated. Prior to treatment the average blink duration in the
driving task was significantly longer and sl eep latency in the MW T was signif icantly
shorter for bus drivers w ith OSAS than for controls (m ean blink duration 82.3 m s; 51.9
ms and mean sleep latency 23.2 min; 35.4 min), indicating increased daytime sleepiness.
Subsequent to treatment both measures in drivers with OSAS decreased to the level of the
controls. Treatment effects in MWT and blink duration in on-road driving also correlated
significantly. No significant differences betw een the group s appeared in averag e blink
frequency or driving perform ance in terms of maintenance of speed. N o significant lane
drifting appeared either. These results suppor t earlier findings on blink duration as an
indicator of increased sleepiness and have im portant implications for those involved in
the transport technological industry. The findings also suggest that nasal CPAP treatment
is effective in reducing excessive daytime sleepiness.
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ABSTRACT

Driver fatigue is re cognized as an im portant highway saf ety ri sk. Many organizations
have published recommendations for coping with driver fatigue. The authors explored the
effectiveness of 10 common c oping strategies, using a case-controlled design to exam ine
the use of coping strategies am ong a random sample of college students (N = 301). The
students were questioned about their use of ¢ oping strategies for driv er fatigue and their
record of having experienced a dozing-related incident. Odds ratios were calculated and 4
strategies--taking a walk, drinking caffeinated beverages, stopping for a nap, and chewing
ice--were f ound to predict an incident. Th  ree other strategies, sn acking, ro lling the
window down, and talking with a passenger, were found to be protective.
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ABSTRACT

To help decrease the nu mber of accidents caused by drowsy drivers, engineers for the
Pennsylvania Turnpike developed and installe d an innovative type of shoulder rum ble
strip called the Sonic Nap Alert Pattern (S NAP). A distinct warning sound and vibration
are produced when drowsy or inattentive driver s' vehicles drift so their tires cross this
pattern of recessed grooves along the shoul  der of the roadway. Various lengths and
depths of grooves were tested to selecta design with enough sound and vibration to be
perceptible in a truck cab and yet not too seve re for cars or motorcycles. Design features,
testing and initial results we re presented at the TRB Annu al Meeting in January 1994.
After installation of SNAP, drift-off-road a ccidents per m onth decreased by 70 perc ent.
This study reviews those initia I results, adds traffic exposur e to com pare accident rates
per veh icle-distance-traveled, ad justs for a d ecline in all accid ents during the years
considered, and revises the initially reporte d accident reduction to 65 percent. Follow-on
results are developed for reportable accide nts from 1990- 1995, singling out those that
could be directly affected by SNAP. About 12 percent of all acciden ts were consid ered
fully susceptible to SNAP treatment. A reduction of 60 percent in treatable accidents, or a
decline in rate by 2.3 acciden ts per 100 m illion vehicle m iles (1.43 per 100 million
vehicle kilom eters) was docum ented for 53  segments totaling 348 mi (560 km ) of
roadway.
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ABSTRACT

Falling asleep while driving accounts for a co nsiderable proportion of vehicle accidents
under monotonous driving conditions. Many of these accid ents are related to work--for
example, drivers of lorries, goods vehicles, and com pany cars. Time of day (circadian)
effects are profound, with sleepiness being part icularly evident duri ng night shift work,
and driving hom e afterwards. Circadian factor s are as important in d etermining driver
sleepiness as is the dur ation of the drive, but only duration of the drive is built into
legislation protecting professional drivers. Older drivers are also vulnerable to sleepiness
in the mid-afternoon. Possible pathological causes of driver sleepiness are discussed, but
there is little eviden ce that this factor contributes greatly to the accid ent statistics. Sleep
does not oc cur spon taneously with out warn ing. Driver s falling as leep are unlikely to
recollect having done so, but will be awar e of the precursory state of increasing
sleepiness; probably reaching as tate of fi ghting off sleep before an acciden  t. Self
awareness of sleepiness is  a better m ethod for alerting  the driver than autom atic
sleepiness detectors in the vehicle. None of these have been proved to be reliable and
most have shortcom ings. Putative counter = measures to sleepiness, adopted during
continued driving (cold air, use of car radio) are only effective for a short tim e. The only
safe counter m easure to driver sleepiness, pa rticularly when the dr iver reaches the stage
of fighting sleep, is to stop driving, and--for exam ple, takea30 m  inute break
encompassing a short (< 15 m inute) nap or coffee (about 150 m g caffeine), which are
very effective particularly if taken together . Exercise is of little u se. CONCLUSIONS:
More education of em ployers and em ployees is needed about planning journeys, the
dangers of driving while sleepy, and driving at vulnerable times of the day.
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ABSTRACT

Falling as leep at the wheel accoun ts for a s izeable number of vehicle accidents under
monotonous driving co nditions. Th e risk of dr iver death and seriou s injury is high.
Circadian factors are profound and seem to be of equal (if not m ore) importance to the
duration of the drive. Unfortuna tely, only the latter tends to  be built into legislation.
Young adults are the most likely to have thes e accidents, especially in the early morning,
whereas older adults may be m  ore vulnerabl e in the early afternoon. Drivers falling
asleep are unlikely to recollect having done s o, but they are aware of the precursory state
of feeling sleepy, as norm al sleep does not occur spontaneously without warning. Self-
awareness of sleepiness is a be tter method for alerting the dr iver than in-c ar automatic
devices. Car simulator studies show high inter-correlations between driving performance,
EEG m easures of  drowsiness and self-assessm  ents of sleepiness. Pu tative
countermeasures to sleepiness during continued driving (for example cold air, playing car
radio) have to be substantiated. The only safe countermeasure is to stop driving. At this
point, a nap and/or coffee (caffeine) can be effective. Exercise is of little use. More driver
education is needed about the dangers of driving whilst sleepy.
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ABSTRACT

Sleepy drivers shou 1d "tak e abreak, "b utth e efficacy of feasible add itional
countermeasures that can be used during th e break is unknown. W e examined a shorter
than 15 min nap, 150 mg of caffeine in coffee, and a coffee placebo, each given randomly
across test sessions to 1 0 sleepy subjects during a 30-m in rest peri od between tw o 1-hr
monotonous early afternoon drives in a car simulator. Caffe ine and nap significantly
reduced driving im pairments, subjective sl eepiness, and electro encephalographic (EEG)
activity indicating d rowsiness. Blin k rate was unaffected. Sleep during naps varied,
whereas caf feine produced m ore consistent effects. Subjects acknowledged sleepiness
when the E EG indicated drowsines s, and d riving im pairments were p receded by self-
knowledge of sleepiness. Taking just a break proved ineffective.
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ABSTRACT

The present study aim ed to provide subject- specific estim ates of the relation between
subjective s leepiness m easured with the Ka rolinska Sleepiness Scale (KSS) and blink
duration (BLINKD) an d lane drifting calculated as the standard deviation of the lateral
position (SDLAT) in a high-fidelity m oving base driving sim ulator. Five m ale and five
female shift workers were recruited to participate in a 2-h drive (08:00-10:00 hours) after
a normal night sleep and after working a night shift. Subjective sleepiness was rated on
the KSS in 5-m in intervals during the driv e, electro-occulogram (EOG) was m easured
continuously to calculate BLINKD, and SDLA T was collected from the sim ulator. A
mixed m odel anova showed a significant (P <0.001) ef  fect of the KSS for both
dependent v ariables. A test for a quadratic trend suggests  a curvilin ear effect with a
steeper increase at high KSS levels fo rboth S DLAT (P <0.001) and BLINKD (P =
0.003). Large individual differences were  observed for the intercept (P < 0.001),
suggesting that subjects differed in their ove rall driving perform ance and blink duration
independent of sleepiness levels. T he results have implications for any application that
needs prediction at the subject level (e.g. driver fatigue warning system s) as well as f or
research design and the interpretation of group average data.
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ABSTRACT

Problem: Fatigue affects a driver's ability to proceed safely. Driver-related fatigue and/or
sleepiness are a significant cause of traffic accidents, which m akes this an area of great
socioeconomic concern. Monitoring physiologi cal signals while driving provides the
possibility of detecting and warning of fatigue . The aim of this pape r is to describe an
EEG-based fatigue counterm easure algorithm and to report its reliability. Method:
Changes in all m ajor EEG bands during fatigue were used to develop the algorithm for
detecting different levels of fatigue. Results: The software was shown to be capable of
detecting fatigue ac curately in 10 subjects tested. The percen tage of time the subjects
were detected to be ina f atigue state was significantly different than the alert p hase
(P<.01). Discussion: This is the first counterm easure software described that has shown
to detect fatigue based on EEG changes in all frequency bands. Field research is required
to evaluate the fatigue software in orde r to produce a robust and reliable fatigue
countermeasure system . Im pact on Industry: The developm ent of the fatigue
countermeasure algorithm for ms the basis of a future fatigue counterm easure device.
Implementation of electronic devices for fatigue detection is crucial for reducing fatigue-
related road accidents and their associated costs.
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ABSTRACT

As one of a series of studies aim ed at ga thering data to d evelop human factors design
guidelines for Advanced Traveler Infor mation Systems (ATIS) and Commercial Vehicle
Operations (CVO), the present study utilized a driving simulator to stu dy CVO drivers
and (1) the effects of driver fatigue and (2) the effects of mental workload on objective
and subjective indices of driver perform ance and opinion. Fatigue was induced through
sleep deprivation and through  a 90- m inute sim ulator driv e. Mental workload was
manipulated through driving task loada  nd ATIS com plexity. Although the results
indicated degraded driving performance under the sleep-deprived condition, performance
on ATIS-related tasks was not affected by sleep deprivation. The im plication of this and
other results are detailed.
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ABSTRACT

The aim of the present study is to analyse factors affecting worries, coping strategies and
decisions of young drivers regarding the risk of sleep-related car crashes. Furthermore,
the study also analyses whether fram ing the same infor mation about sleepiness in two
different linguistic forms influences: (1) the evaluation of the le vel of risk associated to a
specific level of drowsiness (Attribute Fr aming problem ); (2) the willingness to enact
strategies to "prevent" sleepiness before night-tim e driving (Goal Framing problem); (3)
the choice between tw o different ways, both of equal expected efficacy, of lowering
drowsiness (Risky decision-m aking Fram ing problem). Six hundred and ninety-five
young drivers [(57.6% fe males, 42.4% m ales); m ean age 20.85 years (S.D.=1.2)]
answered q uestions on drive risk percep tion and sleepiness, on nocturnal driving
experience and on the strategies to deal with driver sleepin ess, responding to one of the
two different versions of the fram  ed pr oblems. A sub-sam ple of 130 participants
completed the fram ed problems in both versio ns. The results show that experiences of
sleep attacks and nocturnal driving frequenc y in the past 6 m  onths affect both risk
perception and the preventive st rategies adopted. Furtherm ore, the m anipulation on two
out of the three problem s (attribute and risky decision-making fram es) significantly
affected the respondents' evaluation.
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ABSTRACT

OBJECTIVE: To assess the contribution of  driver sleepiness to highway crashes and
review recent recommendations to change federal hours-of-servi ce regulations for
commercial motor vehic le drivers. DATA SO URCES: Information was derived from a
search of the MEDLINE, Transportation Re  search Inform ation Service (TRIS), and
Bibliographic Electronic Databases of Sleep (B EDS) databases from 1975 through 1997
and from manual review of the reference list s in relevant journal articles, government
publications, conference proceed ings, and textbooks. DATA SYNTHESIS: Driver
sleepiness is a causative factor in 1% to 3% of all US m otor vehicle crashes. Surveys of
the prevalence of sleepy behavior in driver s suggest that sleepiness m ay be a more
common cause of highway crashes than isre  flected in these estim ates. About 96% of
sleep-related crashes involve passenger vehicl e drivers and 3% invol ve drivers of large
trucks. Risk factors include youth, shif t work, alcoholand other drug use, over-the-
counter and prescription m edications, and sleep disorders. CONCLUSIONS: Increased
awareness of the relationship between sleepiness and motor vehicle crashes will promote
the health and safety of drivers and highw ay users. Physicians can contribute by
encouraging good sleep habits , recognizing and treating sl  eep-related problem s, and
counseling patients about the ri sks of driving w hile sleepy. To protect public health and
safety, the Am erican Medical As sociation recommends continued research on devices
and technologies to detect the signs of sleepin ess and prevent the dete rioration of driver
alertness and perform ance. Educational programs about the risks of falling asleep while
driving are needed for physicians, the public, and commercial truck drivers.
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ABSTRACT

In the p resent paper th e liter ature beari ng on the association between sleepiness and
driving is reviewed and the curren t state of prevention is discussed. Sleepiness m ay be a
factor in about 20% of m otor vehicle acci dents and studies carri ed o ut in contro lled
environments suggest that the m ost common changes in driving performance attributable
to sleepiness include increased variability of speed and lateral lane position. Higher-order
functions including judgment and risk taking may also deteriorate. Moreover, prolonging
wakefulness even by a few hours  m ay produce deterioration in dr iving performance
comparable to that seen in drivers with bl ood alcohol concentrations at levels deem ed
dangerous b y leg islation. The m ajority of prevention efforts to date have focused on
short-term solutions that only m ask underlying sleepiness and it is suggested that more
emphasis be directed toward prim ary prevention efforts such as educating drivers about
the im portance of getting sufficien t sleep a nd avoiding circadian performance troughs.
Finally, th e im portant role tha th ealth prof essionals ¢ an play in th e identif ication,
treatment, and education of sleepy drivers is highlighted.
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ABSTRACT

In order to realize a hand-hel d monitor of the sympathetic nervous system, we fabricated
a com pletely autom ated analytical system for salivary amylase activity using a dry-
chemistry system. This was m ade possible by th e fabrication of a di sposable te st-strip
equipped with built-in collecting and reagent  papers and a n autom atic saliva tran sfer
device. In order to cancel out the effects of variations in en vironmental temperature and
pH of saliva, tem perature- and pH-adjusted equations were experi mentally determined,
and each theoretical value was input into the m emory of the hand-held monitor. Within a
range of salivary amylase activity between 10 and 140 kU/I, the calibration curve for the
hand-held monitor showed a coefficien t with R2 = 0.97. Accordingly, it was
demonstrated that the hand-held m onitor en abled a user to autom atically m easure the
salivary amylase activity with high accuracy ~ with only 301 sam ple of saliva within a
minute from collection to com pletion of the measurement. In order to m ake individual
variations of salivary amylase activity negl igible during driver f atigue assessm ent, a
normalized equation was proposed. The norm alized salivary am ylase activity correlated
with the mental and physical fatigue stat ~ es. Thus, this study dem onstrated that an
excellent h and-held monitor with ana lgorithm for norm alization of individuals’
differences in salivary am ylase activity, wh ich could be easily and quickly used for
evaluating the activity of the sympathetic nervous system at any tim e. Furthermore, it is
suggested that the salivary —am ylase activity m ight be used as a better index for
psychological research.
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ABSTRACT

Problem: Minimizing driver fatigue among commercial motor-vehicle (CMV) drivers is a
major safety issue in the United S tates. This study exam ines the effects of potentially
fatigue-inducing factors inherent in truck driving work and com pany safety management
in explaining: (a) drivers driving while fatigued, (b) the frequency of close calls d ue to
fatigue, and (c) actual crashe s am ong CMV drivers. Method: Data f or this study are
derived from a survey of CMV drivers in 116 trucking firms, with all data being driver-
reported. The relative roles of fatigue-inducing factors and safety m anagement practices
in explaining variation in fatigue, close cal s, and crashes are reported, along with the
roles of fatigue in affecting close calls and  crashes via hierarchical regression. Results:
Findings indicated that fatigue -inducing factors inherent in  driving work and safety
practices accounted for apprec iable variation in driving fa tigued (R 2 = .42) and close
calls (R2 = .35), but no t crash invo lvement. Driving while fatigued also accoun ted for
incremental increases in the am ount of varia tion in close calls, after consideration of
inherent factors and sa fety practices. Im pact on industr y: Findings indicate that safety
practices (e.g., establishm ent of a strong safe ty culture, dispatcher scheduling practices,
company assistance with fatiguing behavior s such as loading and unloading) have
considerable potential to offset fatigue-induc ing factors associated with truck driving
work.
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ABSTRACT

The Israeli Defense Force (IDF) T ransport Ce nter is the largest and th e m ost diverse
transportation organization in Israel: three times as large as the la rgest commercial fleet
in Israel, an d military b ases ar e spread all over the country. It also h  as the ability to
regulate the drivers better: en forcing diet, hours of sleep, and working hours. The drivers
are either permanently employed civilians, career service personnel, or mandatory service
personnel. This em ployment status correlate s with age, experience, carrier type, and
several job characteristics (for example m andatory service drivers typically do not drive
at night). T he study consisted of a survey of 314 m ale drivers (30% of the entire base
driver population). Despite the different enviro nment, the military drivers display many
characteristics and cop ing-behaviors characteristic of civilian drivers. Our results cast a
doubt on the efficacy of enforcing night sl eep and prohibiting night driv  es as an
alternative to regulating hours of service. Our findings also reveal that it is insufficient to
provide drivers with the time to sleep. One has to ensure that they also get a good quality
of sleep. Implications for reducing fatigue in this environm ent are suggested. W e
identified the mandatory service drivers (young, less experienced drivers , lower military
ranks) as a group of drivers that falls asleep more often and to a greater extent. They are
particularly sensitiv e to sleep def icits and inf luenced by externa I events such as
aggravation and boredom . It is important to  provide dr ivers with more in-ve hicle,
accessible countermeasures to counter fatigue since they often do not stop, particularly in
short-haul conditions. Since the radio has a  high level of usage and acceptance among
drivers, it could be exploited as an interactive communications system, as an educational
medium, and as an image-enhancing device.
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ABSTRACT

The efficacy of putative "in  -car" counterm easures to d river sleepiness is unk nown.
Sixteen young adult drivers within the norm al range for th e Epworth Sleepine ss Scale
(ESS), had their sleep restricted to 5 hours the night before, and drove an interactive car
simulator in the afternoon for 2.5 hours, under monotonous conditions. After 30 m inutes
of driving they were exposed to : (1) cold air to the face (AIR) fr om the v ehicle's air
conditioning vents, (2) listen ing to the ve hicle's radio/tape (RADIO) accord ing to
subjects' choice, or (3) NIL treatm ent. The active treatments typified those experienced
under real driving conditions. Drifting over la ne markings were "incidents." EEGs were
recorded and spectrally analy zed in the alpha an d theta range. Subj ects responded to the
Karolinska Sleepiness Scale (KSS) every 200 seconds. Overall, RADIO and AIR ha d no
significant effects on incidents, although there was a trend for RADIO to r educe
incidents, particularly during the first 30 m inutes, when AIR also had som e effect. KSS
scores were significantly lowe r for R ADIO for most of the drive, whereas AIR had only
transient and non-significant effects. The EEG showed no significant effects of the active
treatments. Compared with other countermeasures such as caffeine and a brief nap, which
we have previously shown to be m ore effective (usin g the sam e equipm ent and
protocols), AIR and RADIO ar ¢ at best only tem porary expedients to reduce driver
sleepiness, perhaps enabling drivers to find a suitable place to stop, take a break and avail
themselves of caffeine and a nap.
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ABSTRACT

Sleep-related vehicle accidents are preval  ent early m orning, es pecially in younger
drivers. In two independent studies following  a night of either restricted or nil sleep,
young experienced drivers drove for 2 hr (0600-0800 h) conti nuously in an immobile car
on an interactive, compute r-generated, dull, and m onotonous roadway. This exercise
followed ingestion (at 0530 h) of 200 m g caffeine (= 2-3 cups coffee) versus placebo,
counterbalanced, double blind. Driving incide nts (lane drifting), s ubjective sleepiness,
and 4-11 H z electroencephalogram (EEG) ac tivity were logged. In S tudy 1 (sleeping
0000-0500 h), caffeine significantly reduced incidents and subjective sleepiness
throughout the 2-hr drive, and EEG power for the second 30-m in period. In Study 2 (no
sleep), sleepiness affected all measures profoundly, and driving was terminated after 1 hr.
Nevertheless, caffeine reduced incidents sign ificantly for the first 30 min and subjective
sleepiness for the hour. This caffeine dose, feas ibly taken via coffee, effectively reduces
early morning driver sleepiness for about 30 min following nil sleep, and for around 2 hr
after sleep restriction.
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ABSTRACT

Driver s leepiness is a major cause o fserious road crashes. Coffee is often used as an
effective countermeasure to driver s leepiness. However, the caffeine lev els in coffee are
variable, whereas certain proprietary "func tional energy drinks" (FEDs) contain known
levels of caffeine (and other ingredients). W e investigated the effectiveness of a wel 1-
known FED in reducing sleepiness in driver s. Twelve healthy young adults drove an
instrumented car simulator between 14:00 and 17:00 h. Their sleepiness was enhanced by
sleep restriction to 5 h the night before. Following a pretreatment 30-min drive and at the
beginning of a 30-m  in break, participan ts were given doubl e-blind 250-m 1 FED
(containing sucrose, glucose, 80-mg caffeine, taurine, glucuronolactone and vitamins) vs.
a control drink with the sa me volume and sa me taste but without caffeine, taurine and
glucuronolactone. Two hours of continuous dr  iving ensued. Lane drifting, subjective
sleepiness and the electroen cephalogram (EEG) were m onitored throughout. Com pared
with the co ntrol, the F ED signif icantly re duced sleep -related dr iving incidents and
subjective sleepiness for the first 90 min of the drive. There was a trend for the EEG to
reflect less sleepiness during this period. It was concluded that the FED is beneficial in
reducing sleepiness and sleep-related driv  ing incidents under conditions of afternoon
monotonous driving following sleep restriction the night before.

RESEARCH NOTES

URL
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list_uids=11897259

142



Rest Areas, Reducing Accidents Involving Driver Fatigue

Sung, E. J.,, B. C. Min, et al. (2005)
""Effects of oxygen concentrations on driver fatigue during simulated driving."
Applied Ergonomics_36(1): 25-31.

KEYWORDS
Driver Fatigue
Oxygen
Reaction Time
Falling Asleep
Accidents
Sleepiness

ABSTRACT

Driver fatigue has been the cause o f traffic accidents. Despite this, the am ount of time
that drivers spend within cars has been in  creasing due to com plex city life, traffic
congestion, and particular occupational requi rements. Cons equently, fatigue and stress
cannot be avoided. In present study, in or  der to find out the po ssibility for reducing
fatigue while driving d ue to the s upply of ox ygen, driver fatigue res ulting from the
passage of tim e when different oxygen con centrations are s upplied has been exam ined
through subjective evaluations and reaction tim es using driv ing simulator for 10 m ale
subjects. The results rev ealed the su bjective fatigue feeling was highest in the low rate
(18%) oxygen condition, while in the high rate (30%), it d ecreased to a certain extent.
The feeling of sleepines s also showed the tende ncy to d ecrease somewhat in the case of
the driving tim e having passed over [ hin  the high-rate conditions . Also, the reaction
time f or braking af ter being ins tructed to suddenly stop following more than 2 h of
driving was reduced in the high -rate oxygen conditions compared to the low-rate ox ygen
condition. From the above results, it was show n that while driving a car, if the oxygen
rate is lowered, fatigue is felt severely, and that in the case of supplying a high-rate of

oxygen, the feeling of fatigue is lowered to som e extent and the reactiontim  eis
shortened. It was suggested that the driver' s fa tigue can be reduced according to the
supply of oxygen.

(C) 2004 Elsevier Ltd. All rights reserved.
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ABSTRACT

Studies have shown that drowsiness and hypovigilance frequently occur during highway
driving and that they m ay have serious implications in terms of accident causation. T his
paper focuses on the task induced factors that are involved in the developm ent of t hese
phenomena. A driving sim ulator study was conduc ted in order to evaluate the impact of
the m onotony of roadside visual stimulation using a steering wheel m ovement (SWM)
analysis procedure. Fifty-six m ale subj ects each drove during two different 40-m  in
periods. In one case, roadside visual stim uli were essentially repetitive and monotonous,
while in the other one, the environm ent contained disparate visual ele ments ai ming to
disrupt monotony without changing road ge ometry. Subject's driving perform ance was
compared across these conditions in order to determine whether disruptions of monotony
can have a positiv e effect and help allev iate driver fatigue. Results reveal an early time-
on-task effect on driv ing performance for both driving periods and m ore frequent large
SWM when driving in the m ore monotonous ro ad environm ent, which 1 mplies greater
fatigue and vigilance decrem ents. Im plicationsin term sof environ mental
countermeasures for driver fatigue are di  scussed. (C) 2002 Elsevier Science L  td. All
rights reserved.
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ABSTRACT

Driver fatigue is an im portant factor in many vehicular accidents. Reducing the nu mber
of fatigue-related accidents would save so  ciety a significant am ount financially, in
addition to reducing personal suffering. The researchers develope d a driver fatigue
monitoring system that uses a camera (or cameras) to detect indications of driver fatigue.
The m echanism detects and tracks the eyes  of the driver based on hum an skin color
properties, along with templates that monitor how long the eyes are open or closed. T ests
of the approach were run on 20 human subjects in a sim ulated environment (the driving
simulator at the Human Factors Research Laboratory) in order to find its potential and its
limitations. This report describes the findings from these experiments.
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ABSTRACT

Drowsiness of vehicle operators is a major hazard in transportation systems, and methods
need to be developed for practical evalua tion of drowsiness level. One suggested

approach is observer rating. Accordingly, an experiment was carried out using trained
observer-raters to evalu ate the levels of dr owsiness of driv ers, the driv ers' faces were
recorded on videotape. Videotaped segm ents of drivers at various stages of drowsi ness
were presented in two sessions separated by a time interval of one week. The experim ent
was directed at determ  ining test-retest reli  ability, inte rrater reliab ility, intrar ater
reliability, and consistency. Results indicate that such ratings are reliable and consistent.
A subsequent experim ent shows that ratings covary with other ~ known indicators of
drowsiness.
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Industrial & Systems Engineering, Virginia Polytechnic Institute & State
University: 60.
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ABSTRACT

A driver drowsiness detection/ alarm/countermeasures system was specified, tested and
evaluated, resulting in the developm ent of re vised algorithms for the detection of driver
drowsiness. Previous algorithms were examined in a test and evaluation study, and were
found to be ineffective in de  tecting drowsiness. These prev ious algorithm s had been
developed and validated under sim ulator conditions that did not em phasize the demand
for maintaining the vehicle in the lane as would be expected in norm al driving. Revised
algorithms were then developed under conditi  ons that encouraged m ore natural lane-
keeping behavior by drivers in the sim ulator. In these revised al gorithms, correlations
between dependent drow siness measures and independent performance-related measures
were lower than expected. However, classification accuracy improved when a criterion of
"drowsiness or performance" was used, with performance assessed directly from a lane -
related measure.
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Yamaguchi, M., M. Deguchi, et al. (2006)

""Hand-Held Monitor of Sympathetic Nervous System Using Salivary Amylase
Activity and Its Validation by Driver Fatigue Assessment.” Biosensors and
Bioelectronics 21(7): 1007-1014.
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ABSTRACT

In order to realize a hand-hel d monitor of the sympathetic nervous system, we fabricated
a com pletely autom ated analytical system for salivary amylase activity using a dry-
chemistry system. This was m ade possible by th e fabrication of a di sposable te st-strip
equipped with built-in collecting and reagent  papers and a n autom atic saliva tran sfer
device. In order to cancel out the effects of variations in en vironmental temperature and
pH of saliva, tem perature- and pH-adjusted equations were experi mentally determined,
and each theoretical value was input into the m emory of the hand-held monitor. Within a
range of salivary amylase activity between 10 and 140 kU/I, the calibration curve for the
hand-held monitor showed a coefficien t with R2 = 0.97. Accordingly, it was
demonstrated that the hand-held m onitor en abled a user to autom atically m easure the
salivary amylase activity with high accuracy with only 30 [mu]l sample of saliva within a
minute from collection to com pletion of the measurement. In order to m ake individual
variations of salivary amylase activity negl igible during driver f atigue assessm ent, a
normalized equation was proposed. The norm alized salivary am ylase activity correlated
with the mental and physical fatigue stat  es. Thus, this study dem onstrated that an
excellent hand-held m onitor with an algor  ithm for norm alization of individuals'
differences in salivary am ylase activity, wh ich could be easily and quickly used for
evaluating the activity of the sympathetic nervous system at any tim e. Furthermore, it is
suggested that the salivary am ylase activity m ight be used as a better index for
psychological research.
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ABSTRACT

A critical f irst step in this s tudy on pub lic rest areas and pr ivate truck sto ps f or
commercial truck d rivers was to colle ct in formation on rest are as on the In terstate
highways in the contiguous Un ited States. This inform ation form s the first national
database on public rest ar eas on Interstate highways th  at serve bo th passenger and
commercial vehicles. T he database was used for a variety of purposes, including: the
location and identification of public rest  areas across the country; developm ent ofa
capacity utilization m odel to exam ine the utiliz ation of public re st are a truck par king
spaces; and developm ent of a nationwide de  mand m odel to determine truck d  river
parking r equirements at public res tareas. The results of the com pleted databas e are
contained in this appendix. %3  FHWA-MC-96-0010 %2 DTFH61-92-C-00092 % W
Transportation Research Board %M 00735968
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ABSTRACT

The purpose of this guide is to help state and Fede ral Highway Adm inistration
transportation officials develop a successful "safe rest area" program that meets the needs
of commercial drivers and the traveling pub  lic. The process requires that a need or
demand be identified, that the extent of that need be determ ined and t hat solutions be
developed through an orderly planning process. This guide will answer most, if not all, of
the ques tions lik ely to a rise, inc luding: W hat is the m anual for and how can I use it?
What steps need to be com pleted for each ta sk in the proces s? How do I i mplement the
steps described? What do I do with the result s? A good "safe rest area" program requires
sound approaches to planning, location and design, and is fully integrated with the state's
transportation program. This gui de's introduction describes w hy this issue arose, how to
implement such a program and how to use  this guide. S ubsequent sections provide
instructions on how to im plement the proces s, from inventorying resting facilities to
administering the surv ey, applying the model and analyzing and reporting the results. A
rest-area survey form is appended.
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ABSTRACT

A study was conducted of the availability and ne ed for truck parking at public rest areas
and private truck stops along the Interstate highway system. The goal of the study was to
assess the supply, utilization, pa rking statutes and practices, and demand related to rest
area parking at the state and national levels and, based on the findings of that analysis, to
identify policies and programs to meet commercial truck drivers' rest needs. An extensive
database of truck parking activities at rest areas located along Interstates across the entire
country was developed. This study relied on  three general m ethods of data collection,
resulting in five sources: an inventory of parking capacity a nd restrictions at public rest
areas nation wide; direct observation of the actual usage of truck parking at rest areas
along a m edium-density trucking corridor; an d three surveys —an in-person survey of
truck drivers, a nationwide mail survey of motor carriers, and a mail survey of truck stop
operators. The data were collected be  tween October 1993 and January 1994. Two
quantitative m odels were developed to anal yze the data collected. The first was an
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econometrically-derived Capacity U tilization Model, designed to identify those factors
affecting rest area utilizat  ion by trucks. The sec ond, a Dem and Model, was a
mathematical model designed to e stimate the total demand for truck parking spaces at
public rest areas nationwide. The results of the quantitative analyses were then use d to
develop policy recomm endations for the  Federal Highway Administration and a
guidebook designed to infor m state DOT executives of this research process and how it
can be applied at the state level. T his volume contains the study' s executive sum mary,
final report, and Appendix A - Empirical Re sults. Appendices B and C are published in
separate volumes.
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ABSTRACT

The steady growth in trucking nationwide appears to have increased the demand for rest
areas along the Nations' highways. In part, this is reflected by evidence that, increasingly,
truck drivers seeking rest are parking illegally along highway shoulders and entrance and
exit ramps, rather than at e ither public rest areas or private truck stops. W ith a growing
public and industry concern about comm ercial driver fatigue, and the need to assure
public safety along the highways, this research has sought to address this perceived need
for additional parking space through direct observation, interviews, statistical evaluations,
and demographic data collection. T his research documented some important distinctions
between public rest areas and private rest stops. Truck drivers tend to use the public areas
for short rests, and the private rest stops fo r overnight stops. This study finds a current
shortfall of 28,400 truck parking spaces in rest areas nationwide. The cost to m eet this
demand totals between $489 to $629 million.
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ABSTRACT

A study was conducted to determ ine the frequenc y of use of shoulders for leisure stops
and for em ergency stops along st ate highways. Data recorded included: type of vehicle,
state of registration, time of stopping, time of resuming trip, lateral distance from edge of
pavement, number of oc cupants, purpose of stop, direction of travel, distance from other
vehicles on shoulder, and location of stop long itudinally. Data collected showed that: (1)
emergency passenger car stops occur once fo  r every 13,450 passenger car m iles, (2)
emergency truck stops occur once for every 520 0 truck miles, (3) emergency stops occur
once for every 11,800 vehicle m iles with 20% trucks, (4) le isure passenger car stops
occur once for every 980 passenger car miles, (5) leisure truck stops occur once for every
154 truck miles, (6) leisure stops occur once for every 480 vehicle miles with traffic 20%
trucks, (7) passenger cars m ake leisure stops 13.7 tim es as frequently as they m  ake
emergency stops, (8) trucks m ake leisure st ops 33.8 ti mes as frequently as they m ake
emergency stops, and (9) with 20% trucks th ere are 24.6 tim es as many leisure stops as
emergency stops.
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Journal, California Department of Transportation. 2: p. 42-47.
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ABSTRACT

California's state highways are served by 88 ro adside rest areas, first developed in 1962
and now stretched to capacity. Parking is tight and they are used heavily at peak travel
times, with most of the structures forced to continue operating well beyond their original
20-year design lives, resulting in costly and difficult m aintenance decis ions. The
California Department of Transportation (Caltrans) has developed a m aster plan to guide
their renovation and upgrading and fora  dding new ones where feasible. The plan
recommends 80 new ones and lays out the prime goals of a typical rest area. They are :
traffic saf ety by allowing drive rsto pull ove randres tin a saf e spo t; am enities f or
commercial drivers of interstate rig s who often don't have access to private rest stops
anymore; security and access to facilities by all users inc luding those with disab ilities;
opportunities to create partnershi ps with local private busine sses and other agencies to
maximize the im pact of investm ents; and esth etically pleasing, cons istent architectural
designs that at the same tim e reflect regiona I character. One new elem ent is try ing to
incorporate drop-in f acilities for highway patrol officers to provide more security and
extend the scope of the patrol.
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ABSTRACT

Fatigue and long driving hours have been im  plicated as risk factors in truck crashes.
Under federal regu lations, commercial d rivers are perm itted to drive n o more than 10
hours before having an 8-hour break and cannot work more than 70 hours over an 8-day
period. Several studies have suggested that violations of these rules are common. A
survey of long haul tractor-t railer drivers was ¢ onducted to estim ate what proportion of
drivers repo rt that th ey regularly violate the hours-of-s ervice rules and to id entify the
drivers m ost likely to comm it hours-of -service v iolations. During Decem ber 1990
through April 1991, a total of 1,249 drivers were interviewed at truck safety inspection
stations, truck stops, and agricultural insp ection stations in C  onnecticut, Florida,
Oklahoma, and Oregon. In each state, interv iews were conducted during varying periods
of the day over the course of seven days at inspection stations. Overall, 89% of eligible
drivers asked for interviews participated in the survey. According to self-reports, almost
three-fourths of the respondent s violate hours-of-service rule s. About two-thirds of the
drivers repo rted th at they routine ly drive or work more than the weekly m aximum. A
primary impetus for violating rules appears to be econo mic factor s, including tight
delivery schedules and low paym  ent rate s. Many other driver, job, and vehicle
characteristics were significantly associated with being an hours-of -service violator. T he
high prevalence of hours-of-servi ce violations among tractor-tra iler drivers is a problem
in need of urgent attention. Potential m easures to reduce the prevalence of rules
violations include m ore enforcem ent directed toward ca rriers, wi der use of electronic
recorders, and increasing the number of rest areas.
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ABSTRACT

Truck parking spaces in the public rest areas and pull-out areas along Tennessee' s
Interstate highways are filling up at nigh  t, an d large tru cks are p arking along the
shoulders of ram ps to these areas. Trucks are also parking along regular interchange
ramps and in some cases along through lanes. This is a potentially hazardous situation for
travelers. A detailed su rvey was perform ed at public rest areas in Tennessee at night,
covering all 7 days of the week, to learn  about the occupancy char acteristics of trucks.
Availability of space in private truck stops near interchan ges also was exam ined. This
research presents the findings of these surveys in quantitative terms. Several truck drivers
were interviewed and all neighboring states ~ were contacted to learn more about why
some drivers prefer to park along highways a nd what strategies are being used by other
states to alleviate this problem . Findings rela ted to these issues are presented in  this
research. This paper appears in Transporta tion Research Record No. 1734, Highway and
Traffic Safety: Engineering, Evaluation, and Enforcement; Trucking and Motorcycles.
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ABSTRACT

Truck parking spaces in the public rest areas and pull-out areas along Tennessee' s
Interstate highways are filling up at night and large trucks are parking along the shoulders
of ramps of these areas. Trucks are p arking along regular interchange ramps and in some
cases along through lanes. This is a potenti  ally hazardou s situation for travelers. A
detailed survey was perform ed at public re st areas in Tennessee at night covering all
seven days of the week to learn about the occupancy characteristics of trucks.
Availability of space in private truck stops near interchan ges also was exam ined. This
paper presents the findings of these surveys in quantitative term  s. The need for truck
parking spaces was estim ated along with an assessment of the shor tfall. Several truck
drivers were interviewed to learn more a  bout why som e drivers prefer to park along
highways. A few m anagers of private truck stops were inte rviewed to learn about their
views. Findings related to these issues are presented in the paper.
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ABSTRACT

This research assessed truck driver parking needs and preferences in accordance with
Section 4027 of the Transportation Equity ~ Act for the 21st Cent ury. A survey was
conducted to determine how truck drivers plan for and address their parking needs; how
truck drivers select when, where, and at which facilities they park; and what truck drivers
think of the adequacy of current parking facilities.  This repo rt summarizes the
background, methodology, and outcome of the driver survey. Surveys were distributed to
a national sam ple of more than 2,000 truck dr ivers through site v isits and m ailings to
truck stops. The sam ple included male and female drivers; independent owner/operators;
and drivers for sm all-, m id-, and large-sized carriers. T he m ajority of respondents
identified themselves as long-haul drivers. N early all drivers reported that they, not their
company colleagu es, decide where they will park. Most drivers m ake this decision as
they are driving. W hen drivers park their truc ks, most expect to sa tisfy only their basic
needs. Drivers prefer parking facilities th at provide food, fuel, restroom s, phones, and
showers. They also consider safety and ¢ onvenience important. Drivers generally prefer
private truck stops to public  rest areas. However, for q uick naps drivers show eda
preference for rest areas ove r truck stops. Many respondents indicated they have trouble
finding available parking at re st areas and tru ck stops. In fact, drivers asserted that
building m ore truck stop and rest area spa  ces would be the best way to im  prove the
parking situation. Survey respondents indicated that the parking facilities they encounter
generally h ave char acteristics tha t m ake t hose facilities usable. B ut, drivers did
recommend that tim e limits be elim inated and that parking lot layouts be im proved to
accommodate large tru cks. FHWA-R D-01-160, Final Report DTFH61-98-C-00059
Transportation Research Board 00930547
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ABSTRACT

Ways are examined to combat fatigue and boredom while driving, thereby m aking travel
safer, since fatigue results in dangerous dr iving. Steady speeds on highways can be more

wearying than varied speeds required on local roads; heavy traffic can result in s tress. In
avoiding fatigue, it helps if the driver sits co mfortably. An incorrect posture can restrict

oxygen intake. Adequate but not excessi  ve food and enough sleep can m aximize
muscular ef ficiency an d driv ing s afety. To m aintain bo dy warm th and to s timulate
circulation, 10-minute stops every hour are recommended for trips. Companionship is the
best solution for boredom, with regular ch ecks on vehicle instrum ents being a good way
of marking time. Tips for avoiding car sickness are identified, as well as circumstances in
which an individual should not drive. A check list to facilitate safe driving e mphasizes
physical characteristics of the individual, feat ures of the car, drugs and their interaction

with driving, and the trip itinerary.
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ABSTRACT

The prim ary objective of this reportis to  develop a better unde rstanding of how the
scheduling practices of m otor carrier firm s affect driv er fatigue . The basis of this
empirical research is acomm ercial d river fatigue model that includes driving
environment (i.e., regularity of time, trip control, and quality of rest), economic pressures
exerted on drivers (fro m customers, carriers, and the drivers them selves) and com pany
safety practices as key factors in explain ing driver fatigue. The m odel utilizes two
measures of fatigue: frequency of close calls  due to fatigue and driver perceptions of
fatigue as a problem . Crash involvement is used to evaluate general safety performance.
Three separate studies were conducted. First, the influence of driving environments alone
on fatigue among over-the-road truck drivers wa s tested through a survey of 502 drivers
at five geographically dispersed truck stops. A typology of driving environm  ents was
developed and the percent of drivers in each category was determined. It was found that a
large num ber of drivers are in the "high fa  tigue risk" categories. Regression analysis
identified starting the work week tired and longer than exp ected loading and un loading
time as significantly related to both m easures of fatigue. Regularity of time, regularity of
route, and hours of uninterrupted sleep were each statistically significant factors for one
fatigue measure. Next, the complete model was tested on a random sample of 279 drivers
at 116 trucking companies and 122 drivers at 66 motor coach companies, which was then
stratified on the basis of safety performance (i.e., SAFESTAT ratings). Data for these two
studies were generated from surveys of driver s, safety d irectors, disp atchers, and top
management at the sample firms. In the truck company study, starting the workweek tired
was the s ingle m ost signif icant f actor related to f atigue. Other s ignificant f atigue-
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influencing factors were diffi culty in finding a place to res t and shippers' and receivers'
scheduling requirem ents (including loading and unloading). Com pany safety practices

that mitigated driver fatigue were carrier assistance with lo ading and unloading, carrier

efforts to minimize nighttime driving, and driver voluntary attendance at corporate safety
and training m eetings. In the m otor coach company study, the m ost significant factors

related to driver fatigue were starting the work week tired, driving tired to m ake a good
income, and pressure on drivers to accept trips. Two safety measures - driver' perceptions
of their company's safe dr iving culture and policies, or attempts to m inimize nigh ttime
driving - mitig ated so me of the factors th at adverse ly af fect driver f atigue. Date on

documentation page: Dec. 2002; date on cover: Oct. 2002.
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ABSTRACT

In recent years fatigue has been considered a primary contributory factor in road crashes.
However, precise identification of fatigue-related crashes is hindered by the absence of a
universally accepted definition of fatigue. Furthermore, it is difficult to quantify the level
of driver f atigue due to dif ficulties in objectively m easuring the de gree of f atigue
involved in a crash. To overcom e these obstacles the Australian Transport Safety Bureau
(ATSB) has proposed an operation al definition of a fatigue-related crash. The definition
is based on a set of well-res earched select ion criteria and uses crash characteristics
routinely co llected by d ifferent traffic au thorities. This d efinition should be us eful in
monitoring fatigue-related crashes and gaugi ng trends over tim e or between regions.
Using the ATSB operational definition, the pr oportion of fatal crashes involving driver
fatigue increased initially in the early 1990s, (14.9 per cent in1990 to 18.0 per cent in
1994), and then decreased in the late 1990s (16.6 per cent in 1998). The study suggests
that the op erational definiti on provides a practical and us  eful index of the relative
incidence of fatigue-related crashes.
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Report - Executive Summary.” Federal Highway Administration: 38 p.
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ABSTRACT

This publication is an executive summary of a research study on public rest areas and
private truck stops for commercial drivers. Th e research te am first ass essed the current
status of public rest area parking for truc ks nationwide and developed analytical m odels
to estim ate the dem and for truck parking sp aces. This com prehensive assessm ent of
public rest areas projected a current shortfall of 28,400 truck parking spaces in public rest
areas nationwide. An im portant com ponent of the assessm ent was the inform ation
obtained from the driver survey. More th ~ an 90% of comm ercial drivers sam pled
perceived that there is a shortage of truck pa rking facilities, particul arly for long-term or
overnight parking. For short-term parking, a m ajority of the sam pled drivers expressed a
preference for public rest areas. Two-thirds  of them indicated a preference for private
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truck stops for overnight or long-term rest needs. The assessment of supply and dem and
for long-term truck parking at private truck stops followed a process similar to that for
the public rest area study. This assessm ent determined that about one-third of truck stop
operators, based on a w eighted sample, plan to expand their park ing facilities over the
next 3 years. This would increase total — projected capacity from 185,000 truck parking
spaces to m ore than 21 3,000. This suggests that som e of the curren t shortfall at pu blic
rest areas might be s atisfied in the f uture by private expansion efforts. However, this
additional analysis found no conclusive eviden ce that private truck stops and public rest
areas are direct substitu tes for each other. Rath er, th ey are com plementary. P rojected
costs to m eet future tru ck parking dem ands total between $489 and § 629 million. The
problem of inadequate truck parking can only =~ be m et by crea tive s trategies to help
facilitate future rest area spending decisions over the next 10 years. Failure to solve the
truck parking shortage could pose significant risks to the traveling public by forcing tired
drivers to continue driving, or park on inhere ntly dangerous locations such as ram ps and
shoulders.
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Subtitle: Report links availability of parking spaces and truck driver fatigue.
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ABSTRACT

This report summarizes the proceedings of the June 29-30, 1999 Rest Area Forum in
Atlanta, Georgia. More than 70 representati ves of stakeholder groups assem bled at the
Forum to discuss rest parking facilities for commercial vehicle drivers along our National
Highway System. Forum participants identified key issues concerning the availability and
safety of parking and genera ted recomm endations for addre ssing each issue. Although
differences rem ain am ong stakeholders, the F orum succeeded in prom oting greater
understanding and meaningful follow-up action.
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ABSTRACT

This tech brief presents an FHWA s tudy that addressed the adequ acy of both public and
private parking facilities nationwide. The steady growth in trucking nationwide appears
to have increased the dem and for rest ar eas along the nation' s highways. Comm ercial
drivers need a safe p lace to park, especially atn ight, to m aintain their alertne ss. A
growing concern about comm ercial driver fa tigue has created a need to assure public
safety along the highways. The primary goal of this study was to consider parking statues
and enforcement, and to determ ine the supply, utilization, and dem and for truck parking
at both rest areas (public facilities) and truc k stops (privately-owned facilities). Research
sought to address a perceivedn eed for additional p arking space through d irect
observation, interviews, statistical sampling and evaluations, modeling, and demographic
data collection.
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ABSTRACT

This report documents the findings of a study to investigate the adequacy of commercial
truck parking facilities serving the National Highway System (NHS). The study involved:
1) a national assessment of the extent and geographic distribution of parking shortages, 2)
research to clarify drivers' parking-re lated needs and decision-m  aking, and 3)
development of a technical guidance docum ent to be used by partnerships of public- and
private-sector stakeho Iders in 49 States  (excluding Hawaii) for inventorying current
facilities serving the NHS, analyzing current and projected shortages in commercial truck
parking at public rest areas and commercial truck stops and travel plazas, and developing
plans for action at the appropr iate jurisdictional levels. Th e process involved: 1) the
development of an inv entory of public and commercial truck spaces serving the NHS, 2)
development, calibration, and application of a truck parking demand model, 3) a national
survey of truck drivers to determine how drivers plan for and address their parking needs,
how truck drivers select when, where, and at which facilities they park, and what truck
drivers thin k of the adequacy of current p arking facilities, 4) an estim ate of parking
demand using a m odeling approach, 5) identifica tion of parking defici encies at the State
and corridor level by com paring supply and dem and, and 6) identification of
improvements that were recommended by State partnerships to mitigate any exis ting or
future problems identified.
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ABSTRACT

The steady growth of comm ercial truck travel has led to an increasing demand for truck
parking spaces at public rest areas and pr  ivate truck stops on interstate highways in
Virginia. This study developed a m ethodology to determine the supply and dem and for
commercial truck parking along these corridors. "Supply" w as defined as the num ber of
parking spaces available for commercial truc k parking, and "demand" was defined as the
sum of the parking accumulation and illegal parking at a given time. Phase I of this study
developed a m ethodology to determ ine the supply and dem and for commercial truck
parking using I-81 in Virginia as a case st udy. This Phase II study expanded the study to
other inters tate highway s in Virginia, checked the applicab ility of the parking dem and
model developed in Phase I, and developed new models when necessary. Extensive data
on the characteristics of commercial truck parking and the ¢ haracteristics of each truck
stop and rest area were collected. In addition, truck drivers and truck stop
owners/operators were surveyed. T he data co llected were used to develop m odels to
describe the relationship betw een parking accumulation and independent variables such
as traffic volum e on the highway, truck per centage, parking duration, and the distance
from a highway to a truck stop. A fter the appl icability of the m odels was tested, they
were used to estim ate commercial truck parking demand in 2010 and 2020. Deficiencies
of parking spaces with respect to es timated demand were then determined for each truck
stop and th e entire Vir ginia inte rstate h ighway system . The resu lts in dicate that the
demand for comm ercial truck parking at individual truc k stops on I-95 exceeds the
supply by 10% to 22% and that there is no co mmercial parking shortfall at truck stops
along 1-64, 1-77, and 1-85. However, there are shortfalls at rest areas on 1-66, I-77, I-85,
and 1-95, varying from about 6% on I-85 to about 32% on I-95. If no new parking spaces
are provided and a 5% increase in truck tr avel is assum ed, the dem and/supply ratio in
2010 for large truck parking on all inters tate highways in Virginia will exceed 1.00. This
deficiency could be as high as 40% on 1-95.
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ABSTRACT

This report outlines issues relevant to the des ign and oper ation of Interstate rest areas.
The study concentrates on the New England R egion and is sponsored by the NETC.
Usage trends and m  otorists’ preferences were collected through a survey program
conducted at eleven sites and with residents of all the New England states. Motorists in
general see rest areas as a necessity, and favor keeping them, but many have issues with
public safety and clean liness. The results al so show that restroom s are the prim ary
demand but that road condition and tourism  information servic es a re rated as highly
desirable by som e rest area us ers. This report suggests a ki osk system to provide this
information to travelers using a GIS inte rface. Other reco mmendations include region-
wide comprehensive parking development and management, as well as im provements in
waste water systems. Rest are a improvements are essen tial to the New England tou rism
and freight sectors of the economy.
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ABSTRACT

Truck drivers throughout the ¢ ountry are finding parking s pots hard to com e by when
they need to sleep. A 1996 study for the Federal Highway Administration (FHWA) found
a nationwide shortage of 28,400 truck parking s pots in public rest areas, while some 85%
of private truck stops polled re port their f acilities are "full" or "overflowing" at night.
Truckers w ho cannot f ind park ing spaces are fo rced to p ark illegally on shoulders or
ramps, or to keep going and risk f alling as leep behind the wheel. W hile no def initive
figures are available on the num ber of truc k crashes involving drowsy drivers, fatigue
was voted the top concern at the F HWA's 1995 Truck and Bus Safety Summ it. A 1996
FHWA study concluded that the nation need s another 28,400 truck parking spaces in
public rest areas that would cost $48 9-629 million. Recent legislation allows states to use
100% federal funding to improve rest areas where the secretary of transportation deems a
shortage of public and private facilities. To s timulate pr ivate inv estment as well, th e
National A ssociation of Truck Stop Operat  ors believes Congress should authorize
incentives, such as low-inte rest lo ans or tax cre dits. A side bar outlines how Iowa and
Kentucky have tried to ease their truck-parking shortages.
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ABSTRACT

This paper describes how driver fatigue is a major con tributing factor in rur al crashes.
The onset of fatigue associated with long distan ce driving is an issue that road authorities
have sought to address in a num ber of ways including the provision of roadside stopping
areas. In Victoria, VicR oads maintains a netw ork of service centers, rest areas, wayside
stops and truck parking bays across the highway system in order to encourage m otorists
to stop and take regular breaks on long trips.  Local Government also sustains rest area
facilities along the m ajor local routes and with in townships. Drivers are encouraged to
use these governm ent provided fa cilities or to take b  reaks at comm ercial facilities,
service clubs or attractions along the way. The current proj ect seeks to explore m otorists'
views on rest areas through a market research approach. The key objectives of this paper
are to: (1) identify the extent to which motorists utilize these rest areas, the facilities they
find most useful and those which they find I acking; (2) determ ine whether patronage of
these facilities is influ enced by d emographic factors, life stage and by residence
(metropolitan or rura 1); (3) de termine whet her the requ irements of m otorists and
patronage vary with trip purpose, trip le  ngth and the tim e of day; (4) gauge driver
perceptions about the quality a nd placement of rest areas in Victoria, with a breakdown
by rest area types (i.e. service centers, rest areas, wayside stops and truck stops); and (4)
determine the role, if any, that rest areas pl ay in trip planning a nd route selection. Full
conference proceedings available on CD-ROM.
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No abstract provided.

Subtitle: With truckers competing for too few parking places, long hauls feel longer and
safety fuses burn shorter: will the industry wake up in time?
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Subtitle: Draft Study Identifies 570 Spaces at State's Public and Private Stops, Weigh
Stations.
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ABSTRACT

Preliminary f indings o n the length and f requency of tru ck stops, re sulting f rom the
Pittsburgh area transportation studies 1958 truck-taxi survey are reported. The duration of
stops is given by truck type /size/, trip purpos e, owners business, destination land use,
destination ring /location in study area/, and tim e of day. The typical truck was found to
be in motion less than 2 1/2 hours - 10 percent of the day. The average truck stop during
the day took about tw ice as long as the av erage truck trip. This suggests that although
highway improvements will m aterially aid the trucking industry, careful attention must
also be given to developing m odern and efficient loading and unloading facilities, and to
parking, maintenance, m  anagement, vehicl e design and other at-rest facilities.
Shortening-up of truck stops and im  proved truck productivity could have im portant
implications such as reduced demand for truck terminals and parking facilities. The tables
also show data for taxis.
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ABSTRACT
No abstract provided.

Subtitle: Finding a parking space for every tru cker remains an elusive and complex goal
as parking shortages persist, studies conf lict, rest area comm ercialization loom s and
hours reform mandates longer rests.
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ABSTRACT

Even the most skillful truck driver becom es a highway hazard if deprived of sleep, but
finding an appropriate place to stop and take a much-needed rest is a challeng e for many
truckers. In a 1999 survey, m ore than 36% of truck drivers said that finding a rest area is
which to park is a problem every night. More than 80% said that at least once a week
they continue to drive p ast the point of feeling safe and alert because they cannot find a
place to sto p and rest. In a 1997 survey of 593 long-distance truck d rivers rando mly
selected at private truck stops and public rest areas in New York, 25% said that at least
once during the last year they had f allen asleep while driving, and 17% said it o ccurred
on more than one occasion. The frequency of not finding a parking space at a rest area--
80% of the drivers reported that they were always or often unable to find a parking space
at a public rest area at n ight--was associated with drivers who fell asleep at the wheel in
the past year and a tendenc  y to violate regulations. W  hen asked what, if anything,
discouraged their use of public rest areas in New York, 51% cited inadequate parking.
Other com mon responses were enforcem  ent of the 2-hour pa  rking lim it (28%),
prostitution/solicitation (16%), lack of security (15%), and poor or expensive food (14%).
The Department of Transportation's Federal Motor Carrier Safety Administration and the
Federal Highway Administration are working on a solution. A report to Congress on the
status of rest parking for tr uckers, along with recomm endations for addressing shortages,
is due in June 2001. A sidebar outlines the seven top concerns identified during a 1999
Rest Area Forum in Atlanta, Georgia, and some of the recommendations offered.
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ABSTRACT

In April 1999, the National T  ransportation S afety Board began a T ruck/Bus S afety
Initiative and

to date has held four public  hearings to obtain inform ation from a variety of sources
about the relevant safety issues regarding trucks and buses and on how to address them.
Participating in these hearings were representatives from the truck and bus industries,
vehicle and equipment manufacturers, labor unions, safety advocacy gro ups, and various
State and Federal agencies.

The major issue addressed in this Safety Board special investigation report is the lack of
safe availab le comm ercial vehicle parking on or near interstates for truck drivers who
want or nee d to use it. Associated with this issue, this rep ort also discusses the lack of
information about parking available to truck drivers and the State-en forced parking time
limits. As a result of its investigation, the Saf ety Board iss ued recommendations to the
Federal Highway Adm inistration; the Federal Motor Carrier Safety Administration; the
Governors of Alabam a, Delaware, Florida, G eorgia, Illin ois, Kentu cky, Louisiana,
Minnesota, Nebraska, New Je  rsey, Pennsylvania, South ~ Carolina, South Dakota,
Tennessee, Virginia, and W ashington; the Am erican Trucking Associations, Inc.; the
Owner-Operator Independent Drivers Associat ion; the National Private Truck Council;
the National Association of Truck Stop Op erators; and the Na  tional Industrial
Transportation League.
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Subtitle: In an industry united in favor of more big rig parking spaces, only the truckstop
operators say no to more rest are parking. Why is that?
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ABSTRACT

This paper reports the results of a research program conducted to assist in evaluating the
highway travel and stopping patterns of California drivers. The findings of the study deal,
in large part, with long-trip m otorists, defined as those who have take n at least 1 trip of
100 miles or m ore away from hom e in the previous year. Eighty-six percent of all
California motorists have take n at least 1 such trip. The demographic profile of the
California long-trip m otorist closely parallels the profile of California highway users in
general. The median stopping closely parallels the profile of California highway users in
general. The m edian stopping interval for | ong-trip motorists is every 73 m iles and 75
minutes; the m ean stopping interval is 81 m iles and 85 m inutes. The roadside rest area
user tends to stop m ore often than the aver age long-trip m otorist. The m edian stopping
interval for all rest area users is every 58 miles and 68 minutes, and the mean is every 61
miles and 73 minutes. Sixty-four percent of all California highway users have stopped at
aroadside rest area at 1 tim e or another; | ong-trip motorists are m ore likely to stop at
such an area than short-trip m otorists. Roadside rest area u sers have taken considerably
more long driving trips (14) th an the average C alifornia motorist (7) within the past 12
months. Other findings of the study concern motorists' attitudes and opinions concerning
roadside rest areas, reasons for using them , comparison of the rest areas with the "ideal"
stopping opportunity, and related issues.
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ABSTRACT

The risk for being involved in road crashes caused by sleepiness or falling asleep at the
wheel is increased for professional drivers whose job makes great demands on their time.
This article reports on a study on the im pact of drowsy driving and non-driving duties
(such as loading and unloading deliveries) on the falling asleep responses and road crash
involvement of professional drivers in Cr ete (Greece). Th e sample of 317 drivers was
studied through personal interviews. The interview questionn aire included four sections:
demographic inform ation, incl uding lifestyle pa tterns such as num ber of cigarettes
smoked per day and quantity of alcohol consum ed; details of the 1 ongest distance trip
recently made by the professional d river (including the type of freight carried, the h ours
of sleep obtained before departure, rest stops ); the drivers' perceptions of sleepiness and
fatigue; and the participants' driving and non-driving work schedules, including the
amount of sleep obtained during the week prior to the interview. Results showed that the
most signif icant pred ictors of f alling asleep at the wheel were tra nsportation of
fruits/vegetables and livestoc k, non-driving hours of work, insufficient hours of sleep,
and smoking. In add ition, a high er frequency o f falling-asleep in cidents in the p revious
12 months and a lower rate of the drivers' church attendance appeared to slightly increase
the crash risk. The authors conclude that their findings raise ~ questions about the
professional drivers' work duties and highlig ht the need for adequate rest to reduce
fatigue.
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ABSTRACT

Tennessee is acknowledged as "bridge state" for through truck traffic. Based on the 1993
commodity flow survey with adju stments made by the Oak Ridge National Laboratory
(ORNL), Tennessee ranks 5th na tionally in te rms of ton-miles of truck shipm ents. A
major concern in Ten nessee and som e of the other sou theastern s tates invo lves the
provision of adequate public and private parking spaces, especially at nighttime, for large
trucks along Interstate highways. Frequently trucks are found parked at locations that can
be considered potentially hazardous. It is es timated that in the ten so utheastern s tates
there are 8,033 truck parking spaces in publ ic rest areas, and approximately 46,000 to
74,000 park ing spaces in private truck stops  located alon g Interstate highways. The
estimated demand for truck park ing spaces in these 10 states in 63,70 0, which ex ceeds
the rest area spaces by a factor of eight, a nd also exceeds the com bined supply of rest
area and th e lower estim ate of truck stop spa ces. This ar ticle discus ses activ ities in
Tennessee and the other southeastern states undertaken to solve the truck parking
problem.
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APPENDIX 2: STATE-WIDE FATIGUE-COLLISION
TABLES

Trends in Collisions Statistics

Trends in c ollision statistics a re summarized in the f igure below. The total num ber of
collisions decreased in 1997 and then increased until 2001. After 2001, there was an other
progressive reduction. F rom 1995 until 2001, f atigue-related collisions contributed a
higher percentage to overal 1 collisions. Since 2002, the pr  oportion of fatigue-related
collisions has declined, by 0.1 to 0 .2 percent by the s trict definition and by 2.0 to 4.0
percent by the expanded definition.
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The following tables present the detailed characteristics of the statewide collision data.
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A2.1 Crash Severity, Fatigue-Related Injury Collisions, Strict Definition,
SWITRS 1995-2005

Percent of
Total
Fatigue
Related
Fatigue-Related Collisions
No Yes Total
N % N % N % %
Crash
Severity
Fatal 37,6649 8.1 745 | 1.9 38,409 | 100 2.66%
Major Injury | 11564597 9| 2518| 21| 118,163 | 100 8.99%
Minor Injury | 2022457 | 98821 47601 22,047,217 | 100 88.36%
Total 2,175,766 | 98.71 8,023 312,203,789 [ 100 100.00%

Table A2.2 Crash Severity, Fatigue-Related Injury Collisions, Expanded Definition,
SWITRS 1995-2005

Percent
of Total
Fatigue
Related
Fatigue-Related Collisions
No Yes Total
N % N % N % %
Crash
Severity
Fatal 34,4378 9.7 3,972 10.3 38,409 100 1.87%
Major
Injury 106,375 4 0 11,788 10 118,163 100 5.54%
Minor
Injury 1,850,09790 4| 197,120 9.6 | 2,047,217 100 92.60%
Total 1,990,909 90 .3 | 212,880 9.7 | 2,203,789 100 100.00%
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Table A2.3 Year, Fatigue Related Injury Collisions, Strict Definition,

SWITRS 1995-2005

Fatigue-Related
No Yes Total
N % N % N %
Year
1995 197,501 98.6 2,704 142 00,205 100
1996 194,781 98 7 2,579 13| 197,360 100
1997 186,469 98 6 2,735 14| 189,204 100
1998 189,672 98 i 2,410 13| 192,082 100
1999 189,235 98 6 2,639 14| 191,874 100
2000 199,104 98 N 2,575 13| 201,679 100
2001 202,433 98 8 2,562 12| 204,995 100
2002 206,456 98 8 2,417 12| 208873 100
2003 205,413 98 8 2,487 12| 207,900 100
2004 204,739 98 9 2,348 1.1| 207,087 100
2005 199,963 98 7 2,567 13| 202,530 100
Total 2,175,766 8.7 28,023 1.3 | 2,203,789 100
Table A2.4 Year, Fatigue Related Injury Collisions, Expanded Definition,
SWITRS 1995-2005
Fatigue-Related
No Yes Total
N % N % N %
Year
1995 180,486 90.2 19,719 982 00,205 100
1996 176,620 9.5 20,740 05| 197,360 100
1997 167,879 8.7 21,325 13| 189,204 100
1998 172,529 9.8 19,553 02| 192,082 100
1999 169,179 8.2 22,695 1.8 | 191,874 100
2000 178,898 8.7 22,781 13| 201,679 100
2001 181,427 8.5 23,568 1.5 | 204,995 100
2002 193,050 2.4 15,823 76| 208,873 100
2003 192,152 24 15,748 76 | 207,900 100
2004 191,213 23 15,874 7.7 207,087 100
2005 187,476 2.6 15,054 74| 202,530 100
Total 1,990,909 40 3 212,880 9.7 | 2,203,789 100
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Table A2.5 Month, Fatigue-Related Injury Collisions,
Strict Definition, SWITRS 1995-2005

Fatigue-Related
No Yes Total
N % N % N %

Month

Jan 171,716 99 1,784 1 73,500 100

Feb 164,516 98 9 1,780 1.1 | 166,296 100

Mar 182,123 98 9 2,092 1.1 | 184215 100

Apr 176,841 98 7 2,335 1.3 ] 179,176 100

May 183,522 98 5 2,708 15| 186,230 100

Jun 179,535 98 5 2,801 15| 182,336 100

Jul 180,874 98 4 2,892 1.6 | 183,766 100

Aug 187,150 98 5 2,837 15| 189,987 100

Sep 185,757 98 7 2,450 13| 188,207 100

Oct 196,578 98 9 2,211 1.1 | 198,789 100

Nov 181,910 98 .8 2,149 1.2 | 184,059 100

Dec 185,244 98 9 1,984 1.1 | 187228 100

Total 2,175,766 4 8.7 28,023 1.3 | 2,203,789 100

Table A2.6 Month, Fatigue-Related Injury Collisions,
Expanded Definition, SWITRS 1995-2005
Fatigue-Related
No Yes Total
N % N % N %

Month
Jan 160,738 92.6 12,762 7.4 73,500 100
Feb 154,232 ¢ 2.7 12,064 73| 166,296 100
Mar 167,740 4 1.1 16,475 8.9 | 184215 100
Apr 162,287 § 0.6 16,889 94| 179,176 100
May 166,721 § 9.5 19,509 10.5 | 186,230 100
Jun 162,370 9 19,966 11| 182,336 100
Jul 163,203 8.8 20,563 11.2 | 183,766 100
Aug 168,535 § 8.7 21,452 113 | 189,987 100
Sep 167,758 9.1 20,449 10.9 [ 188,207 100
Oct 178,666 9.9 20,123 10.1 | 198,789 100
Nov 167,495 1 16,564 9| 184,059 100
Dec 171,164 4 1.4 16,064 8.6 | 187,228 100
Total 1,990,909 40 3 212,880 9.7 | 2,203,789 100
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Table A2.7 Day of Week, Fatigue-Related Injury Collisions,

Strict Definition, SWITRS 1995-2005

Fatigue-Related
No Yes Total
N % N % N %

Day of Week

Monday 307,637 98.7 3,916 133 11,553 100
Tuesday 315,440 98 9 3,510 1.1 | 318,950 100
Wednesday 315,487 99 3,312 1| 318,799 100
Thursday 314,195 98 9 3,579 1.1 317,774 100
Friday 357,994 99 3,750 1| 361,744 100
Saturday 305,964 98 4 4,856 1.6 | 310,820 100
Sunday 259,049 98 .1 5,100 19| 264,149 100
Total 2,175,766 ¢ 8.7 28,023 1.3 | 2,203,789 100

Table A2.8 Day of Week, Fatigue-Related Injury Collisions,
Expanded Definition, SWITRS 1995-2005
Fatigue-Related
No Yes Total
N % N % N %

Day of Week

Monday 281,489 90.4 30,064 963 11,553 100
Tuesday 289,734 0.8 29,216 92| 318,950 100
Wednesday 290,141 1 28,658 9| 318,799 100
Thursday 288,771 0.9 29,003 91| 317,774 100
Friday 327,891 0.6 33,853 94 | 361,744 100
Saturday 278,645 9.6 32,175 104 | 310,820 100
Sunday 234,238 8.7 29,911 113 | 264,149 100
Total 1,990,909 $0 3 212,880 9.7 | 2,203,789 100
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Table A2.9 Hour of Day, Fatigue-Related Injury Collisions,
Strict Definition, SWITRS 1995-2005

Fatigue-Related
No Yes Total
N % N % N %

Hour

Midnight-12:59 AM 37,363 96.9 1,190 313 8553 100
1:00-1:59 AM 32,461 6 1,351 4 33,812 100
2:00-2:39 AM 30,888 5 1,630 5 32,518 100
3:00-3:59 AM 17,672 1.2 1,707 8.8 19,379 100
4:00-4:59 AM 15,419 0.1 1,685 9.9 17,104 100
5:00-5:59 AM 25,537 3 1,911 7 27,448 100
6:00-6:59 AM 50,882 5.8 2,222 4.2 53,104 100
7:00-7:59 AM 110,687 98 2 2,017 1.8 112,704 100
8:00-8:59 AM 108,798 98 8 1,371 1.2 | 110,169 100
9:00-9:59 AM 86,684 9.1 820 0.9 87,504 100
10:00-10:59 AM 93,843 9.3 688 0.7 94,531 100
11:00-11:59 AM 112,024 99 4 701 0.6 | 112,725 100
Noon-12:59 PM 133,391 99 4 860 0.6 | 134251 100
1:00-1:59 PM 132,626 99 2 1,047 0.8 | 133,673 100
2:00-2:59 PM 151,594 99 1 1,338 09| 152,932 100
3:00-3:59 PM 176,252 99 2 1,474 0.8 177,726 100
4:00-4:59 PM 168,131 99 2 1,367 0.8 169,498 100
5:00-5:59 PM 184,420 99 4 1,051 06| 185471 100
6:00-6:59 PM 147,612 99 5 685 0.5 148297 100
7:00-7:59 PM 103,097 99 6 400 04 | 103,497 100
8:00-8:59 PM 78,616 9.6 347 0.4 78,963 100
9:00-9:59 PM 71,691 9.3 475 0.7 72,166 100
10:00-10:59 PM 59,470 8.8 724 1.2 60,194 100
11:00-11:59 PM 46,608 8 962 2 47,570 100
Total 2,175,766 8.7 28,023 1.3 | 2,203,789 100
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Table A2.10 Hour of Day, Fatigue-Related Injury Collisions,
Expanded Definition, SWITRS 1995-2005

Fatigue-Related
No Yes Total
N % N % N %

Hour

Midnight-12:59 AM 37,363 96.9 1,190 3.0 | 38553 00
1:00-1:59 AM 32,461 ¢ 6 1,351 4 33,812 100
2:00-2:59 AM 17,498 1 3.8 15,0204 62| 32,518 100
3:00-3:59 AM 9,741 ] 0.3 9,638 4 9.7 19,379 100
4:00-4:59 AM 9,010 4 2.7 8,094 4 7.3 17,104 100
5:00-5:59 AM 16,061 85| 11,3874 15| 27,448 100
6:00-6:59 AM 49,710 3.6 3,394 6.4 | 53,104 100
7:00-7:59 AM 110,687 98 2 2,017 1.8 | 112,704 100
8:00-8:59 AM 108,798 98 8 1,371 1.2 | 110,169 100
9:00-9:59 AM 86,684 9.1 820 0.9 | 87,504 100
10:00-10:59 AM 93,843 93 688 0.7 94,531 100
11:00-11:59 AM 112,024 99 4 701 06| 112,725 100
Noon-12:59 PM 133,391 99 4 860 0.6 | 134,251 100
1:00-1:59 PM 132,626 99 2 1,047 0.8 | 133,673 100
2:00-2:59 PM 87,120 ] 7| 658124 3| 152,932 100
3:00-3:59 PM 100,920 6.8 76,8064 32| 177,726 100
4:00-4:59 PM 161,458 95 3 8,040 4.7 169,498 100
5:00-5:59 PM 184,420 99 4 1,051 0.6 | 185471 100
6:00-6:59 PM 147,612 99 5 685 0.5 | 148,297 100
7:00-7:59 PM 103,097 99 6 400 04| 103,497 100
8:00-8:39 PM 78,616 9.6 347 0.4 78,963 100
9:00-9:59 PM 71,691 9.3 475 0.7 72,166 100
10:00-10:59 PM 59,470 4 8.8 724 12| 60,194 100
11:00-11:59 PM 46,608 8 962 2 47,570 100
Total 1,990,909 40 3] 212,880 9.7 | 2,203,789 100
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Table A2.11 Primary Collisions Factor, Fatigue-Related Injury Collisions,
Strict Definition, SWITRS 1995-2005

Fatigue-Related

No Yes Total

N % N % N %
Primary Collision Factor
Unknown 98,788 99.5 486 0599 274 100
Driving or Bicycling Under
the Influence of Alcohol or
Db 179,908 99 5 902 05| 180,810 100
Impeding Traffic 1,643 99 8 3 0.2 1,646 100
Unsafe Speed 599,066 99 4 3,546 06| 602,612 100
Following Too Closely 63,570 ¢ 9.8 113 02| 63,683 100
Wrong Side of Road 74,854 ¢ 7.9 1,641 2.1 76,495 100
Improper Passing 15,239 9.9 21 0.1 15,260 100
Unsafe Lane Change 82,475 ¢ 9 825 1 83,300 100
Improper Turning 225,550 97 1 6,821 29| 232,371 100
Automobile Right of Way 394,906 00 130 0| 395036 100
Pedestrian Right of Way 42,232 00 11 0| 42243 100
Pedestrian Violation 60,920 00 20 0 60,940 100
Traffic Signals and Signs 197,050 99 391 02| 197441 100
Hazardous Parking 1,412 99 7 0.3 1,416 100
Lights 937 00 0 937 100
Brakes 1,678 99 9 1 0.1 1,679 100
Other Equipment 2,072 00 1 0 2,073 100
Other Hazardous Violation 31,812 9.6 113 0.4 31,925 100
Other Than Driver (or
Pedestrian) 38,236 ¢ 9.8 89 02| 38325 100
Unsafe Starting or Backing 40,376 9.9 38 0.1 40,414 100
Other Improper Driving 19,688 ¢ 9 208 1 19,896 100
Pedestrian or Other Under the
Influence of Alcohol or Drug

3,354 99 2 0.1 3,356 100
Fell Asleep 0 12,657 00 12,657 00
Total 2,175,766 8.7 28,023 1.3 | 2,203,789 100
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Table A2.12 Primary Collisions Factor, Fatigue-Related Injury Collisions,

Expanded Definition, SWITRS 1995-2005

Fatigue-Related

No Yes Total

N % N % N %
Primary Collision Factor
Unknown 97,185 97.9 2,089 2199 274 100
Driving or Bicycling
Under the Influence of
Alcohol or Drug 162,043 9.6 18,767 04| 180810 100
Impeding Traffic 1,514 2 132 8 1,646 100
Unsafe Speed 541,450 9.9 61,162 0.1 | 602,612 100
Following Too Closely 56,969 9.5 6,714 0.5 63,683 100
Wrong Side of Road 69,658 1.1 6,837 89 | 76495 100
Improper Passing 14,034 4 2 1,226 8 15,260 100
Unsafe Lane Change 75,102 0.2 8,198 98 | 83,300 100
Improper Turning 200,225 6.2 32,146 3.8 | 232371 100
Automobile Right of Way 356,121 ¢ 0.1 38,915 9.9 | 395,036 100
Pedestrian Right of Way 42211 9.9 32 0.1 | 42243 100
Pedestrian Violation 60,905 9.9 35 0.1 60,940 100
Traffic Signals and Signs 180,989 ¢ 1.7 16,452 83| 197441 100
Hazardous Parking 1,355 95 7 61 4.3 1,416 100
Lights 929 9.1 8 0.9 937 100
Brakes 1,556 92 7 123 7.3 1,679 100
Other Equipment 1,924 92 8 149 7.2 2,073 100
Other Hazardous
Violation 30,292 4.9 1,633 51| 31,925 100
Other Than Driver (or
Pedestrian) 38,210 9.7 115 03] 38325 100
Unsafe Starting or
Backing 36,661 0.7 3,753 93| 40414 100
Other Improper Driving 18,222 1.6 1,674 8.4 19,896 100
Pedestrian or Other Under
the Influence of Alcohol or
Dl 3,354 99 9 2 0.1 3356 100
Fell Asleep 00 12,657 100 12,657 100
Total 1,990,909 90 3 212,880 9.7 | 2,203,789 100
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Table A2.13 Truck Collisions, Fatigue-Related Injury Collisions,
Strict Definition, SWITRS 1995-2005

Fraction Fraction
Truck Truck
Collisions | Collisions
of Total of Total
Fatigue-Related Collisions [ Collisions
Fatigue-
No Yes Total related Total
N % N % N % % %
Truck
Collision
No 2,081,50898 .8 | 26,153 | 1.2] 2,107,661 [ 100
Yes 94,258 4 8.1 1,870 1 9 96,128 | 100 4.36% 6.67%
Total 2,175,766 4 8.7 28,023 312,203,789 | 100
Table A2.14 Truck Collisions, Fatigue-Related Injury Collisions,
Expanded Definition, SWITRS 1995-2005
Fraction | Fraction
Truck Truck
Collisions | Collisions
of Total of Total
Fatigue-Related Collisions | Collisions
No Yes Total
N % N % N % % %
Truck
Collision
No 1,905,601 90 4 | 202,060 9.6 | 2,107,661 100
Yes 85,3088 8.7 10,820 11.3 96,128 100 4.36% 5.08%
Total 1,990,909 90 .3 | 212,880 9.7 | 2,203,789 | 100
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Table A2.15 Alcohol Involvement, Fatigue-Related Injury Collisions,
Strict Definition, SWITRS 1995-2005

Fraction Fraction
Alcohol Truck
involved of | Collisions
Total of Total
Fatigue-Related Collisions | Collisions
No Yes Total Total
N % N % N % % %
Alcohol
Involvement
No 1,937,097 98 .7 | 25,896 1.3 | 1,962,993 100
Yes 23866999 .1 2,127 | 09| 240,796 | 100 10.93% 7.59%
Total 2,175,766 9 8.7 | 28,023 1.3 | 2,203,789 | 100
Table A2.16 Alcohol Involvement, Fatigue-Related Injury Collisions,
Expanded Definition, SWITRS 1995-2005
Fraction | Fraction
Alcohol Truck
involved [ Collisions
of Total of Total
Fatigue-Related Collisions | Collisions
No Yes Total Total
N % N % N % % %
Alcohol
Involvement
No 1,773,799 90 4| 189,194 9.6 | 1,962,993 100
Yes 217,1109 0.2 23,686 9.8 240,796 100 10.93% 11.13%
Total 1,990,909 90 .3 | 212,880 9.7 | 2,203,789 100
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Table A2.17 Urbanicity, Fatigue-related Injury Collisions,

Strict Definition, SWITRS 1995-2005

Fraction Fraction
Urban Truck
Collisions | Collisions
of Total of Total
Fatigue-Related Collisions | Collisions
No Yes Total Total
N % N % N % % %
Urbanicity
Urban 1,701,59399 2| 14,467 | 0.8 1,716,060 | 100
Rural 474,173 72| 13,5561 8| 487,729 | 100 22.13% 48.37%
Total 2,175,766 8.7 | 28,023 312,203,789 | 100
Table A2.18 Urbanicity, Fatigue-related Injury Collisions,
Expanded Definition, SWITRS 1995-2005
Fraction | Fraction
Urban Truck
Collisions | Collisions
of Total of Total
Fatigue-Related Collisions | Collisions
No Yes Total Total
N % N % N % % %
Urbanicity
Urban 1,561,611 91 154,449 911,716,060 | 100
Rural 429298 8| 58431 12| 487,729 | 100 22.13% 27.45%
Total 1,990,909 90 .3 | 212,880 9.7 12,203,789 | 100
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Table A2.19 State Highway Status, Fatigue-Related Injury Collision,

Strict Definition, SWITRS 1995-2005

Fraction
State
Highway of | Fraction
all Truck
Highways | Collisions
of Known of Total
Fatigue-Related Status Collisions
No Yes Total Total
N % N % N % % %
State
Highway
Status
Unknown 109 00 0 0 109 [ 100
No 1,504,591 [ 9921 2,724 811,517,315 [ 100
Yes 671,066 | 97.8 52991 2| 686,365 ] 100 31.15% 54.59%
Total 2,175,766 | 98.71 8,023 312,203,789 | 100
Table A2.20 State Highway Status, Fatigue-Related Injury Collision,
Expanded Definition, SWITRS 1995-2005
Fraction
State
Highway | Fraction
of all Truck
Highways | Collisions
of Known | of Total
Fatigue-Related Status Collisions
No Yes Total Total
N % N % N % % %
State
Highway
Status
Unknown 10596 .3 4 3.7 109 | 100
No 1,381,000 ¢ 136,315 91,517,315 100
Yes 609,804 % 8.8 | 76,561 | 11.2| 686,365 | 100 31.15% 35.97%
Total 1,990,909 90 .3 | 212,880 9.7 | 2,203,789 [ 100
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Table A2.21 Culpability, fatigued or Sleepy Parties,
Strict Definition, SWITRS 1995-2005

N %
Party At-Fault
No 3,014 12.0
Yes 22,013 8.0
Total 25,027 00.0

Table A2.22 Culpability, fatigued or Sleepy Parties,
Expanded Definition, SWITRS 1995-2005

N %
Party At-Fault
No 3,014 1.1
Yes 265,316 98
Total 268,330 10

Table A2.23 Party Type, Fatigued or Sleepy parties,
Strict Definition, SWITRS 1995-2005

N %

Party Type

Unknown 16 0.1
Driver 24,894 4 9.5
Pedestrian 47 (. 2
Parked Vehicle 26 (. |
Bicyclist 40 (. 2
Other 40

Total 25,027 00
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Table A2.24 Party Type, Fatigued or Sleepy parties,
Expanded Definition, SWITRS 1995-2005

N %

Party Type

Unknown 16 0.0
Driver 268,197 1. 000
Pedestrian 47 0.
Parked Vehicle 26 0.
Bicyclist 40 (.

Other 4 .
Total 268,330 10 0.0

Table A2.25 Party Age, Fatigued or Sleepy Parties,
Strict Definition, SWITRS 1995-2005

N %

Party Age

0-4 2 0
o-14 17 9. 1
15-24 9,758 39

25-34 5,395 11 6
35-44 3,858 15 4
45 - 54 2,601 10 4
95 - 64 1,441 §. 8
65-74 1,052 4. 2
75-84 691 8
85 and over 96 (. 4
Unknown 116 0 5
Total 25,027 00
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Table A2.26 Party Age, Fatigued or Sleepy Parties,
Expanded Definition, SWITRS 1995-2005

N %

Party Age

0-4 16 0
5-14 504 2
15-24 81,862 0.5
25-34 55,886 1 0.8
35-44 45,070 6.8
45 - 54 30,271 1.3
55 - 64 16,941 3
65 - 74 11,802 4 4
75-84 9,557 3. 6
85 and over 2,306 (. 9
Unknown 14,115 1 3
Total 268,330 10 0

Table A2.27 Party Race, Fatigued or Sleepy Parties,
Strict Definition, SWITRS 1995-2005

% of Total
N % Known

Party race

Not Stated 17,186 68.7

Asian 52712. 1 6.72%
Black 730 2. 9 9.31%
Hispanic 2,163 §. 6 27.59%
Other 450 1. 8 5.74%
White 3,971 15 9 50.64%
Total 25,027 00
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Table A2.28 Party Race, Fatigued or Sleepy Parties,
Expanded Definition, SWITRS 1995-2005

% of Total
N % Known

Party race

Not Stated 173,083 64.5

Asian 5,709 2. 1 5.99%
Black 8,196 3. 1 8.60%
Hispanic 30,426 1.3 31.94%
Other 4,959 1. 8 521%
White 45,957 7.1 48.25%
Total 268,330 00

Table A2.29 Party Sobriety, Fatigued or Sleepy Parties,

Strict Definition, SWITRS 1995-2005

% of Total

N % Known
Party Sobriety
Unknown 8,737 34.9
Had Not Been Drinking 14,393 75 88.35%
Had Been Drinking, Under
Influence 796 3. 2 4.89%
Had Been Drinking, Not Under
Influence 930 3. 7 5.71%
Had Been Drinking,
Impairment Unknown 171 0. 7 1.05%
Total 25,027 00
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Table A2.30 Party Sobriety, Fatigued or Sleepy Parties,
Expanded Definition, SWITRS 1995-2005

% of Total

N % Known
Party Sobriety
Unknown 13,044 4.9
Had Not Been Drinking 209,754 18 2 82.16%
Had Been Drinking, Under
Influence 18,648 § .9 7.30%
Had Been Drinking, Not
Under Influence 4274 1. 6 1.67%
Had Been Drinking,
Impairment Unknown 2308 0. 9 0.90%
Impairment Unknown 19,630 3 7.69%
Not Applicable 672 (. 3 0.26%
Total 268,330 00

Table A2.31 Restraint Use, Fatigued or Sleepy Parties,
Strict Definition, SWITRS 1995-2005

% of Total
N % Known
Restraint Use
Unknown 3,960 15.8
No 1,903 1. 6 9.03%
Yes 19,164 1 6.6 90.97%
Total 25,027 00

Table A2.32 Restraint Use, Fatigued or Sleepy Parties,
Expanded Definition, SWITRS 1995-2005

% of Total
N % Known
Restraint Use
Unknown 56,144 20.9
No 11,403 4 2 5.37%
Yes 200,783 14 .8 94.63%
Total 268,330 00
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Table A2.33 Party Violation, Fatigued or Sleepy Parties,
Strict Definition, SWITRS 1995-2005

% of Total
N % Known
Party Violation
Unknown 18,543 74.1
City Ordinance 1 0.02%
Hit and Run
5 0.08%
Driving or Bicycling Under the
Influence of Alcohol or Drug
16 (. 1 0.25%
Improper Lane Change 3 0.05%
Impeding Traffic
6 0.09%
Failure to Heed Stop Signal 43 0. 2 0.66%
Failure to Heed Stop Sign 38 (. ) 0.59%
Unsafe Speed
1,523 6. 1 23.49%
Reckless Driving 5 0.08%
Wrong Side of Road 1,222 4. 9 18.85%
Unsafe Lane Change 444 1. 8 6.85%
Improper Passing 14 (. 1 0.22%
Following Too Closely 27 0. 1 0.42%
Improper Turning 2,927 i 45.14%
Automobile Right-of-Way 6 0.09%
Pedestrian Right-of-Way 2 0.03%
Pedestrian Violation 3 0.05%
Hazardous Parking 4 0.06%
Lights 3 0.05%
Brakes 1 0.02%
Other Equipment 14 0. 1 0.22%
Other Hazardous Movement 97 (. 4 1.50%
Other Non-Moving Violation 67 0. 3 1.03%
Unsafe Starting or Backing
7 0.11%
Seat Belt 5 0.08%
Seat Belt (Equipment)
1 0.02%
Total 25,027 00
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Table A2.34 Party Violation, Fatigued or Sleepy Parties,
Expanded Definition, SWITRS 1995-2005

% of Total
N % Known

Party Violation
Unknown 236,839 88.3
City Ordinance 1 0.00%
Health/Safety Code
(Misdemeanor) 1 0.00%
Penal Code (Misdemeanor)

1 0.00%
Hit and Run 685 (. 3 2.18%
Driving or Bicycling Under
the Influence of Alcohol or
Drug 16 0 0.05%
Improper Lane Change 19 0.06%
Impeding Traffic 71 (L 0.23%
Failure to Heed Stop
Signal 1,144 0. 4 3.63%
Failure to Heed Stop Sign 831 3 2.64%
Unsafe Speed 1,523 (). 6 4.84%
Reckless Driving 148 (L 1 0.47%
Wrong Side of Road 4,969 1. 9 15.78%
Unsafe Lane Change 1,996 0. 7 6.34%
Improper Passing 295 (. 1 0.94%
Following Too Closely 1,049 (L 4 3.33%
Improper Turning 14,370 1 4 45.63%
Automobile Right-of-Way 1,402 (. 5 4.45%
Pedestrian Right-of-Way 4 0.01%
Pedestrian Violation 7 0.02%
Hazardous Parking 32 0.10%
Lights 40 ( 0.13%
Brakes 120 0.38%
Other Equipment 243 §. 1 0.77%
Other Hazardous
Movement 984 (. 4 3.12%
Improper Registration 2 0.01%
Other Non-Moving
Violation 1,221 5 3.88%
Excessive Noise 1 0.00%
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Oversize 2 0.01%
Unsafe Starting or Backing

280 (. 1 0.89%
Off-Highway Vehicle
Violation 0.02%
Child Restraint 0.02%
Seat Belt 19 0.06%
Seat Belt (Equipment) 1 0.00%
Total 268,330 0

Table A2.35 Party Preceding Movement, Fatigued or Sleepy Parties,
Strict Definition, SWITRS 1995-2005

223

N %

Party Preceding Movement
Unknown 115 0.5
Stopped 154 6
Proceeding Straight 9,335 ] 3
Ran Off Road 10,420 4 1.6
Making Right Turn 101 0 4
Making Left Turn 156 ¢
Making U-Turn 5 ¢
Backing 13 (i) 1
Slowing/Stopping 122 ¢ 5
Passing Other Vehicle 230, 1
Changing Lanes 438 8
Parking Maneuver 30
Entering Traffic 14 0. 1
Other Unsafe Turning 1,079 4. 3
Crossed Into Opposing Lane

977 ] .9
Parked 24 (). 1
Merging 2 ¢
Traveling Wrong Way 120 (L 5
Other 1,921 1. 7
Total 25,027 00
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Table A2.36 Party Preceding Movement, Fatigued or Sleepy Parties,

Expanded Definition, SWITRS 1995-2005

N %
Party Preceding Movement
Unknown 877 0.3
Stopped 3,235 1. 2
Proceeding Straight 133,051 49 6
Ran Off Road 28,914 0.8
Making Right Turn 5,192 1. 9
Making Left Turn 40,488 5.1
Making U-Turn 3,757 1. 4
Backing 1,617 0. 6
Slowing/Stopping 6,953 1. 6
Passing Other Vehicle 2,150 . 8
Changing Lanes 12,033 4 5
Parking Maneuver 159 1
Entering Traffic 7,020 1. 6
Other Unsafe Turning 5,837 1. 2
Crossed Into Opposing
Lane 4325 1. 6
Parked 75
Merging 453 2
Traveling Wrong Way 893 3
Other 11,301 4 2
Total 268,330 10 0
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Table A2.37 Party Vehicle, Fatigued or Sleepy Parties,
Strict Definition, SWITRS 1995-2005

N %

Party Vehicle
Unknown 671 2.7
Passenger Car/Station Wagon

17,820 1 1.2
Passenger Car with Trailer 40 (.
Motorcycle/Scooter 700,
Pickup or Panel Truck 534111 3
Pickup or Panel Truck
w/Trailer 175 ( 7
Truck or Truck Tractor 236 (L 9
Truck or Truck Tractor
w/Trailer 437 7
Schoolbus 60
Other Bus 320
Emergency Vehicle 54, ’
Bicycle i

39 (. 2

Other Vehicle 64 (. 3
Pedestrian 49 0. 2
Total 25,027 00
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Table A2.38 Party Vehicle, Fatigued or Sleepy Parties,
Expanded Definition, SWITRS 1995-2005

N %
Party Vehicle
Unknown 10,796 4
Passenger Car/Station
Wagon 189,229 10 5
Passenger Car with Trailer 358 1
Motorcycle/Scooter 53151
Pickup or Panel Truck 50,337 3.8
Pickup or Panel Truck
w/Trailer 1,993 0. 7
Truck or Truck Tractor 3,068 1. 1
Truck or Truck Tractor
w/Trailer 3.831 [, 4
School bus 328 1
Other Bus 609 2
Emergency Vehicle 850 3
Highway Construction
Equipment 2
Bicycle 45
Other Vehicle 1,444 (. 5
Pedestrian 46
Moped 59
Total 26833010 0
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APPENDIX 3: SPATIAL ANALYSIS - WITHIN 10 MILES
OF REST STOPS

The spatial analys is presented here analyzed collision rates before (upstream) and af ter
(downstream) rest stops within 10 miles of individual rest stops in both directions of I-5
(from Kern county to the Oregon border). Results from the analysis of rest stop vicinities
in the northbound direction are presented firs t, followed by results from the southbound
direction. The following figures include inform ation about the location of each rest stop,
including route direction, county, and district. In the figures, the location of each rest stop
is represented by a green dot. Detailed explanations of data and m ethodologies used in
this analysis can be found in the main report.
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APPENDIX 4: SPATIAL ANALYSIS - COLLISIONS AS A
FUNCTION OF DISTANCE FROM REST STOPS

The spatial analysis examined the two types of fatigue collisions defined in section 5 in
addition to their counterparts caused by other factors. Com pared with the spatial
analysis of collisions in the 10-mile vicinity of rest stops as presen ted in sec tion 5, the
focus of this section is the spatial patterns of fatigue co llisions between two succes sive
rest stops; how distances travel ed by drivers between rest stops influence the likelihood
of fatigue-related collisions. The results of analyses on individual freeway segments of I-
5, 1-8, I-10, and CA-101, are presente d in this section. Detailed explanations of data and
methodologies used in this analysis can be found in the main report.

A4.1 1-5 Northbound

Distance Between
Rest Stops

206.1 53.1 Tejon Pass
6 Ker 54.1 259.2 58.3 Buttonwillow
6 Fre 1.3 317.5 65.6 Coalinga-Avenal
10 Mer 0.7 385.7 59.0 John Chuck Erreca
10 Sta 27.2 444.6 111.3 Westley
3 Yol 26 555.9 27.2 Dunnigan
3 Col 243 583.2 24.6 Maxwell
3 Gle 14.6 607.8 24.7 Willows
2 Teh 10.5 632.5 24.5 Lt. John Helmick
2 Teh 35 657.0 36.7 Herbert S. Miles
2 Sha 31.1 693.7 59.5 O'Brien
2 Sis 25.6 753.3 32.8 Weed Airport
2 Sis 58.4 786.1 R.E. Collier
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1. North Ker(1) to Ker(54.1)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

o 10 20 E) ) E) ©

Expanded without PDO

2. North Ker(54.1) to Fre(1.3)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

o 10 0 E) ) E) Y

Expanded without PDO
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3. North Fre (1.3) to Mer(0.7)

PCF= all with PDO

PCF= all without PDO

o 10 E) EY ) E) © £y

Expanded without PDO

Green:
fatigue only

Blue:
Others

4. North Mer(0.7) to Sta(27.2)

PCF= all with PDO

y
J‘/ \*\N‘

PCF= all without PDO

[ 10 E) EJ ) EJ 0

Expanded without PDO

Green:
fatigue only

Blue:
Others
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5. North Sta(27.2) to Yol(26)

PCF= all with PDO PCF= all without PDO

PN
J\fJ\l

Green:
fatigue only
Blue:
Others
I-5 Expanded without PDO
6. North Yol(26) to Col(24.3)
PCF= all with PDO PCF= all without PDO
o~ /S
I ~
Green:
fatigue only
Blue:
Others
I-5 Expanded without PDO
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7. North Col(24.3) to Gle(14.6)

PCF= all with PDO PCF= all without PDO

(/\ (/\J

Green:
fatigue only

Blue:
Others

10 15 E) E3

I-5 Expanded without PDO

8. North Gle(14.6) to Teh(10.5)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

10 15 0 P

I-5 Expanded without PDO
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9. North Teh(10.5) to Teh(35)

PCF= all with PDO

PCF= all without PDO

10 15 E) E3

Expanded without PDO

Green:
fatigue only

Blue:
Others

10. North Teh(35) to Sha(31.1)

PCF= all with PDO

PCF= all without PDO

Expanded without PDO

Green:
fatigue only

Blue:
Others
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11. North Sha(31.1) ~ Sis(25.6)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only
//\ Fj\“/\
P (
/ \ i Blue:
1\ Others
I-5 Expanded without PDO

12. North Sis(25.6) to Sis(58.4)

PCF= all with PDO PCF= all without PDO

EANY

Green:
fatigue only

Blue:
Others

10 15 E) E3 EJ ES

I-5 Expanded without PDO
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A4.2 1-5 Southbound

Distance Between
Rest Stops

10

10

Ker

Fre

Mer

Sta

Sac

Yol

Col

Gle

Teh

Teh

Sha

Sis

Sis

54.1

14

0.7

27.2

34.1

26

24.3

14.6

10.5

34.7

43.2

25.6

58.4

206.1

259.2

317.4

385.7

444.6

529.4

555.9

583.2

607.8

632.5

656.7

705.8

753.3

786.1

53.1

58.2

65.5

59.0

84.8

26.6

27.2

24.6

24.7

24.2

49.1

47.4

32.8

Tejon Pass
Buttonwillow
Coalinga-Avenal
John Chuck Erreca
Westley
Elkhorn
Dunnigan
Maxwell
Willows
Lt. John Helmick
Herbert S. Miles
Lakehead
Weed Airport

R.E. Collier
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1. South Ker(54.1) to Ker(1)

PCF= all with PDO

2. South Fre(1.4) to Ker(54.1)

PCF= all with PDO

PCF= all without PDO

Green:
fatigue only

Blue:
Others

Expanded without PDO

PCF= all without PDO

10 ' 2 2 a0 50 )

SN

Green:
fatigue only

Blue:
Others

o

10 EY) EY 0 EY 6

Expanded without PDO
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3. South Mer(0.7) to Fre (1.4)

PCF= all with PDO PCF= all without PDO

"N\\f Ns

Green:
fatigue only
Blue:
L Others
o 10 0 ¢m 40 50 60 70
I-5 Expanded without PDO

4. South Sta(27.2) to Mer(0.7)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

o 10 20 hEY 0 50 &

I-5 Expanded without PDO
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5. South Sac(34.1) to Sta(27.2)

PCF= all with PDO

6. South Yol(26) to Sac(34.1)

PCF= all with PDO

PCF= all without PDO

mmmmmmmmmm

Expanded without PDO

PCF= all without PDO

10 15 E) 3 Ed

Expanded without PDO

Green:
fatigue only

Blue:
Others

Green:
fatigue only

Blue:
Others
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7. South Col (24.3) to Yol(26)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

10 15 E) E3 0

I-5 Expanded without PDO

8. South Gle(14.6) to Col(24.3)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

10 15 0 P

I-5 Expanded without PDO
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9. South Teh(10.5) to Gle(14.6)

PCF= all with PDO PCF= all without PDO

10 15 E) E3

I-5 Expanded without PDO

Green:
fatigue only

Blue:
Others

10. South Teh(34.7) to Teh(10.5)

PCF= all with PDO PCF= all without PDO

10 15 0 P

I-5 Expanded without PDO

Green:
fatigue only

Blue:
Others
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11. South Sha(43.2) to Teh(34.7)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

I-5 Expanded without PDO

12. South Sis(25.6) to Sha(43.2)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

I-5 Expanded without PDO
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13. South Sis(58.4) to Sis(25.6)

PCF= all with PDO PCF= all without PDO
Green:
fatigue only
Blue:
Others
I-5 Expanded without PDO

A4.3 1-8 Eastbound

Distance Between
Rest Stops

57.3 Buckman Springs
11 Imp 31.2 108.2 46.9 Sunbeam
11 Imp 80.2 155.1 Sand Hills

275



Rest Areas, Reducing Accidents Involving Driver Fatigue

1. East SD(49) to Imp(31.2)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

10 20 E) ) E) ©

Expanded without PDO

2. East Imp(31.2) to Imp(80.2)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

Expanded without PDO
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A4.4 1-8 Westbound

Distance Between
Rest Stops
Buckman Springs

11 Imp 31.2 108.2 57.3 Sunbeam

11 Imp 80.2 155.1 46.9 Sand Hills
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1. West Imp(31.2) to SD(49)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

10 20 E) ) E) ©

Expanded without PDO

2. West Imp(80.2) to Imp(31.2)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

Expanded without PDO

278



Rest Areas, Reducing Accidents Involving Driver Fatigue

A4.5 1-10 Eastbound

Distance Between
Rest Stops

27.1 Wildwood
8 Riv 26.2 112.1 44.8 Whitewater
8 Riv 71.8 156.9 63.1 Cactus City
8 Riv 134.9 220.0 Wiley's Well
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1. East Sbd(38.2) to Riv(26.2)

PCF= all with PDO

I-10

2. East Riv(26.2) to Riv(71.8)

PCF= all with PDO

I-10

5 10 15 20 25 30 I 40 5

PCF= all without PDO

o 5 10

15

20

E3

EY

Expanded without PDO

PCF= all without PDO

o 5 10 15 20 2 32 I 4 45

Expanded without PDO

Green:
fatigue only

Blue:
Others

Green:
fatigue only

Blue:
Others
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2. East Riv(71.8) to Riv(134.9)

PCF= all with PDO PCF= all without PDO
Green:
fatigue only
Blue:
Others
1-10 Expanded without PDO

A4.6 1-10 Westbound

Distance Between
Rest Stops
8 Riv 4 90.0

Brookside
8 Riv 26.2 112.1 22.2 Whitewater
8 Riv 71.8 156.9 44.8 Cactus City
8 Riv 134.9 220.0 63.1 Wiley's Well
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1. West Riv(26.2) to Riv(4)

PCF= all with PDO PCF= all without PDO
p
,,—‘/‘/
v——‘f/
L
/Jﬁ
o/ Green:
fatigue only
2 Blue:
Others
1-10 Expanded without PDO

2. West Riv(71.8) to Riv(26.2)

PCF= all with PDO PCF= all without PDO

o 5 10 15 20 25 30 I 40 5 o 5 10 15 20 25 30 I 40 45

Green:
fatigue only

Blue:
Others

o 5 10 15 20 2 32 I 4 45

1-10 Expanded without PDO
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3. West Riv(134.9) to Riv(71.8)

PCF= all with PDO PCF= all without PDO
Green:
fatigue only
Blue:
Others
1-10 Expanded without PDO

A4.7 CA-101 Northbound

Distance Between
Rest Stops

129.6 116.3 Gaviota
5 Mon 3.1 245.9 193.9 Camp Roberts
4 Mar 0.0 439.8 145.4 H. Dana Bowers
1 Men 61.5 585.3 21.0 Irvine Lodge
1 Men 82.5 606.2 126.5 Empire Camp
1 Hum 105.9 732.7 Trinidad
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1. North SB(46.9) to Mon(3.1)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

o E) 40 © £y 100 120

CA-101 Expanded without PDO

2. North Mon(3.1) to Mar(0)

PCF= all with PDO PCF= all without PDO

0O 20 4 6 8 10 120 140 160 180 200 0O 20 4 6 8 100 120 140 160 180 200

Green:
fatigue only

Blue:
Others

0O 20 4 6 8 100 120 140 160 180 200

CA-101 Expanded without PDO
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285

3. North Mar(0) to Men(61.5)

PCF= all with PDO PCF= all without PDO

CA-101

Green:
fatigue only

Blue:
Others

50 100 150

Expanded without PDO

4. North Men(61.5) to Men(82.5)

PCF= all with PDO PCF= all without PDO

CA-101

Green:
fatigue only

Blue:
Others

10 15 E) E3

Expanded without PDO
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5. North Men(82.5) to Hum(105.9)

PCF= all with PDO PCF= all without PDO
Green:
fatigue only
Blue:
Others
CA-101 Expanded without PDO

A4.8 CA-101 Southbound

Distance Between
Rest Stops
5 SB 46.3

129.0 Gaviota
5 Mon 5.1 247.9 118.9 Camp Roberts
1 Men 58.9 582.7 334.8 Moss Cove
1 Hum 105.2 732.0 149.4 Trinidad
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1. South Mon(5.1) to SB(46.3)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

o E) 40 © £y 100 120

CA-101 Expanded without PDO

2. South Men(58.9) to Mon(5.1)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

Blue:
Others

o E) 100 150 200 250 30 30

CA-101 Expanded without PDO
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3. South Hum(105.2) to Men(58.9)

PCF= all with PDO PCF= all without PDO

Green:
fatigue only

“‘ Blue:
N/
{ \/\1\ Others

CA-101 Expanded without PDO
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APPENDIX 5: FATIGUE RAMP ANALYSIS

The ramp analysis studied ramp collisions on I-5, using TASAS 1994 - 2004 data. In the
analysis, the quantity and charac teristics of collisions on on - and off-ramps connected to
rest areas were compared with data for other ramps on I-5. Highway collis ions were not
included in this analysis. This analysis did not include collisions in Districts 7, 11 and 12
(LA, SD and ORA).

A5.1 Intersection/Ramp Accident Location (IRL)

TASAS data uses the following code for ~ Intersection/Ramp Accident Location. Any
collision within 50 feet from the entrance of a ramp was m arked “ramp entry collision”
and was labeled as IRL #3. Location of IRL#3 is schematically represented in Figure 1.

Yo

3

Ramp Entry

Figure A5.1: Locations of Collisions Marked IRL #3 or Ramp Entry Collisions

All collisions located on the ramp, but not within 50 feet of either the entrance or the exit
of the ramp were marked “ramp collision” and labeled as IRL #2. Collision type IRL #2
is represented in Figure 2.
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Ramp

Figure A5.2: Location of Collisions Marked IRL #2 or Ramp Collisions

Those collisions that are located within 50 f eet of the ram p exit are marked as “ramp
intersection (exit) collisions” and are labeled as IRL #1. This is shown in Figure 3.

Z;
)

Ramp Intersection (

Figure A5.3: Location of Collisions Marked IRL #1 or Ramp Intersection (EXxit)
Collisions

Collisions located on the highway at its junc tion with the ramp are called “ ramp area
intersection area co llisions” and are labe led IRL #4. As will be presen ted in the
subsequent analysis, these collisions comprise a major share of ramp collisions and have
different characteristics com pared with collis ions at other lo cations on the ram ps. Such
locations include rest area park ing lots, resu Iting in a substantia 1 increase in collisions
related to rest area parking activities in. Figure 4 shows the location of these collisions.
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N N
ISR

s

Ramp Area, Intersection Area

Figure A54: Location of Collisions Marked IRL #4 or Ramp Area Intersection Area
Collisions

Table 1 summarizes collisions on ramps connected to rest areas as well as thos e that are
not adjacent to rest areas. As there are fewe rramps that are connected to rest areas, the
total number of collis ions on ram ps connected to rest areas is lower co mpared with the
total number of collisions on other ram ps. However, the nu mber of collisions pe r ramp
for ramps connected to rest ar eas, 4.4, is 65% of the total nu mber of collisions per ramp
for all other ramps, 6.8.

On removal of IRL=4 collisions, the number of collisions per ramp on the rest area ramps

drops to 1.0, i.e. becom es 23% of the num ber of collisions per ram p for all the o ther
ramps, 4.3.

Table A5.1: Summary of Collisions on Ramps Connected to Rest Areas and All

Others
Others Rest-Areas
Total # of Collisions 5641 367
Total # of Ramps 826 &3
Collision per Ramp 6.8 4.4
Total # of Collisions except IRL=4 3580 84
Collision per Ramp except IRL=4 4.3 1.0
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A5.2 Comparative Analysis

The characteris tics of collisions 0 n ram ps connected to rest  areas (rest areara mp
collisions) and those on ramps not adjacen t to rest areas (‘other’ ram p collisions) were
compared. The characteris tics were found to differ considerably when IRL=4 collis ion
type (collisions within the parking lots of rest areas) were removed.

Analysis of ramp collisions by dif ference in loc ation revealed that 77% of the rest are a
ramp collisions and 36% of the ‘other’ ra mp collis ions were found to be IRL=4
(collisions within the parking lots of rest areas). The results indicate that many collisions
in rest areas took place in their park ing lots. This was followed by 34% of the ‘other’
ramp collisions being IRL=2, compared with 15% of the rest area ramp collisions. Ramp
exit collisions, IRL=1, were next in percentage contribution, and the lowest percentage of
collisions were those located at the ramp entry, IRL=3.

<Others><Rest stops>

ERamp

i Ramp Entry

Arca

Total #: 5641 367

A5.3 Vehicle Type

An analysis of vehicle types found that th e lar gest shar e ( 58%) of r est ar ea ram p
collisions involved trucks, co mpared with the largest share (77%) of the ‘othe r’ ramp
collisions, which involved passenger cars. Only 25% of rest stop ramp collisions involved
passenger ¢ ars and on ly 9% of the ‘oth er’ ram p collis ions invo lved tru cks. The
percentage of collisions that involved pickup truck sand oth er vehicles was
approximately the same for both ramp types.
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<Others><Rest stops>

2%
B Jruck
W Passenger Car
m Pickup
m Others

Total #: 5641 367

A5.4 Vehicle Type Excluding IRL=4

A collision analys is of vehicle types, excludi ng the collisio ns at IRL=4, found that the
percentage of truck collisio ns at rest stop ramps decr eased along with a proportional
increase in the percentage of pickup truc  k collisions. For ‘other’ ram p collisions, a
reduction in the percentage of passenger car collision s is offset by an increas e in all the
other categories.

<Others><Rest stops>

Total #: 3580 84

W Truck

W Passenger Car
B Pickup

B Others

A5.5 Primary Collision Factor

Speeding c onstituted the la rgest s hare (41% ) of ‘othe r’ ram p collis ions, f ollowed by
‘other violations’ (21 %) and im proper turns (1 3%). For re st stop ram p collis ions, the
largest share was ‘other violations’ (36%),  followed by 1 mproper turns (32%). Itis
theorized th at o ther vio lations and im proper turns in r est areas ar e re lated to par king
activities. Speeding constituted a mere §%.
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<Others><Rest stops>

1 2% 3%U'}%% 0%, 0%

0%
" U%"

Total #: 5641 367

W Influence of Alcohol
W Failureto Yield

B liviproper [um

W Speeding

| Other violations

= Not Stated

m Improper Driving

m Other Than Driver

Unknown

W lell Asleep

A5.6 Primary Collision Factor Excluding IRL=4

When IRL=4 collisions were rem oved from the analysis, it was found that for rest stop
collisions the percentage of ‘other violations’ was reduced to 24%, which was offset by
an increase in speed ing-related co llisions to 20%. There w ere m inor variations in the
other categories, including a de crease in improper driving as the primary collision factor,
from 8% to 2%. In this analysis, im proper turns (31%) were the most likely cause of rest
stop ramp collisions.

<Others><Rest stops>

3% %
1%3% 1%, %' oo 0%

0%
1% 5% 1%
2%
0%

Total #: 3580 84

B Influence of Alcohol
B Failureto Yield

u Improper Turn

W Speeding

m Other Violations

W Mot Stated

B Improper Driving

B Other Than Driver

Unknown

m Fell Asleep

For other ramp collisions, an increase in the percentage of collisions due to speeding and
improper turns were offset by a reduction in  the percentage of othe r violations and of
failure to yield, am ong others. Speeding re mained the single m ost likely cause of
collisions on ‘other’ ramps.

294



Rest Areas, Reducing Accidents Involving Driver Fatigue

A5.7 Type of Collision

The largest share (37%) of rest stop ramp collisions was of the ‘sideswipe’ type, followed
by ‘hit object’ (26%) and ‘other’ (15%). Of the ‘others’ ramp collisions, the largest share
were rear-end collisions (32%), followed by ‘hit object’ (28 %) and ‘broadside’ collisions
(17%). A higher percentage of sideswipe collis ions in rest areas indi cates that collisions
in these locations are related to parking activities.

<Others><Rest stops>

1%56%0%] % 0% 0%

2%
3%

Total #: 5641

W NotStated
W Head-On
m Sideswipe
W Hear End
W Broadside
m Hit Object
W Overturn

W Auto-Pedestrian

Other

A5.8 Type of Collision Excluding IRL=4

When IRL=4 collis ions were rem oved, there w as an incre ase in the pe rcentage of ‘hit
object’ in rest s top ramp collis ions, from 26% to 34 %. The percen tage of side swipe
collisions decreased to 29%, and rear end collisions in creased to 18%. Percentages of
collisions of all other ty pes decreased except for an increase in ‘overturn’ collisions. For
the ‘o thers’ ram p collisions, bo th the sha re of ‘hit ob ject’ and ‘r ear end’ co llisions
increased, with ‘hit o bject’ contr ibuting th e larges t share. There was a substantial
decrease in ‘broadside’ collisions, since the possibility of br oadside collisions within the
ramp, in absence of any intersection with the highway, is very limited.

<Others><Rest stops>

0% (%

Total #: 3580

W NotStated
W Head-On
B Sideswipe
B Rear knd
M Broadside
W Hit Object
W Overturn

W Auto-Pedestrian

Other
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In the ‘oth er’ ramp collisions, there was an even greater reducti on in the proportio n of
‘broadside’ collisions (2%). This was offset by an inc rease in the ‘hit o bject’ collisions
(38%) and the ‘rear end’ collisions (37%), with ‘hit objec ts’ being the larges t cate gory
similar to rest stop ramp collisions.

A5.9 Movement

<Others><Rest stops>

M Parked, Parking

W Backing

 Proceeding Straight

M Ran Off Road

 Slowing, Stopping, Stopped
W Making Turn

m Others

Total #: 5641 367

The largest share of rest stop ram p collisions involved ‘parked or parking’ vehicles, as
shown in previous figures. This was followed by 21% ‘proceeding straight” and then 14%
‘making turn’. In the ‘other s’ r amp co llisions, ‘proce eding straight’ m ovement
contributed a very large shar e (42%) to all collisions. This was followed by ‘slowing,
stopping, or stopped’ (17%) and ‘ran off road’ (16%).

A5.10Movement Excluding IRL=4

In the rest stop ramp collisions, there was an increase in the percentages of ‘proceeding
straight’ (31%), ‘ran off ro ad’ (18%), ‘slowing, stopping, stopped’ (13%) and ‘others’
(12%). There was a red uction in th e percentages of ‘parked, parki ng’ (11%), ‘backing’
(7%), and ‘m aking turn’ (8 %), b ecause IRL= 4 ind icate park ing lo ts in rest areas.
‘Proceeding straight’ was now the larges t cate gory. In the ‘others’ ramp collisions the
percentage of ‘proceeding straight’ reduced (37%) although ‘proceeding straight’ remains
the largest category. There was also a reduction in the percentages of ‘making turns’ as a
contributor to collisions. There was an increa se in the percentage of ‘slowing, stopping,
stopped’, ‘ran off road’, ‘others’ as a contributor to collisions. Note that collisions in the
ramps of rest stops are still highly correla  ted to parking activ ities (parked, parking,
backing) as com pared to collis ions in other ram ps. This implies th at some of rest s tops
are short of available parking spots, result ing in possible illegal parking activitiesi n
connected on/off-ramp areas.
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<Others><Rest stops>
96

W Parked, Parking

m Backing

B Proceeding Straight

W Ran Off Road

W slowing, Stopping, Stopped
m Making Turn

m Others

Total #: 3580 84

A5.11 Conclusions

The rate of collisions on rest stop ramps was less as compared to the rate of collisions on
other ram ps. Ramp area inters ection area, IRL= 4, was the m ajor location for rest stop
ramp collisions and to a lesse 1 extent ‘oth er’ ramp collisio ns, because IRL=4 indic ate
parking lots in case of rest ar eas. Trucks were the prim ary vehicle types involved in rest
stop ramp collisions. The primary collision factor was ‘other’ vio lations and ‘im proper
turns’ were a close second. Th e primary type of collision was the ‘sideswipe’ collisions
followed by the ‘hit object’ collisions. This  order of im portance was reversed when
collisions at IRL=4 were removed from the data. ‘Parked, parking’ m ovement caused the
maximum num ber of collis ions. However, on removal of I RL=4, ‘proceeding straight’
movement causes the most collisions.
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APPENDIX 6: INFORMAL TRUCK STOPS

California Highway Patrol has com piled a list of locations, which, although not form ally
designated as rest stops, ar ¢ used by truck drivers for that purpose. L  arge num bers of
trucks are parked for extended periods on the ramps at these locations. In this section, the
characteristics of ram p collisions and highway truck collisi ons in the vicinity of these
ramps are analyzed.

The following graphs in section A 10.1 display the percentages of each of the different
movement types at the tim e of collis ion for all nine ramps analyzed . Section A10.2
presents the distribution of collis ions al ong the postm iles and a tab le summarizing the
strict fatigue definition collis ion ¢ haracteristics at the var ious design ated and inf ormal
rest stops.

A6.1 Ramp Collisions

Movement Types for Collisions on
Interstate 80 & Red Top Road

2 :%F/ﬂ

" Parked
®proceeding straight
slowing stopped
" Ran off-road
® Other unsafe turn
Making U-turn
®Making Right turn
Enter from shoulder
®Stopped
Making left turn
Pass Other Vehicle
Backing
Other

Change Lane
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Movement Types for Collisions on

Interstate 80 & Pedrick Road
0%

 Parked

® proceeding straight
slowing stopped

“ Ran off-road

B Other unsafe turn
Making U-turn

B Making Right turn
Enter from shoulder
Making left turn
Pass Other Vehicle

Backing
Other
Change Lane
Movement Types for Collisions
on Interstate 80 & Abernathy Road
oy, 0% 0%
" Parked

B proceeding straight
slowing stopped
#“ Ran off-road
B Qther unsafe turn
“ Making U-turn
® Making Right turn
“ Enter from shoulder
= Stopped
Making left turn
Pass Other Vehicle
Backing
Other
Change Lane

0%

0%
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Movement Types for Collisions
on Interstate 80 and Kidwell Road

0%

" Parked
¥ proceeding straight
slowing stopped
“Ran off-road
® Other unsafe turn
“ Making U-turn
® Making Right turn
“ Enter from shoulder
= Stopped
Making left turn
Pass Other Vehicle
Backing
Other
Change Lane

Movement Types for Collisions
on Interstate 5 & Hood Franklin Road

0%

" Parked
® proceeding straight
slowing stopped
# Ran off-road
B Qther unsafe turn
“ Making U-turn
B Making Right turn
“ Enter from shoulder
B Stopped
Making left turn
Pass Other Vehicle
Backing
Other
“ Change Lane
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Movement Types for Collisions

on Interstate 5 & Twin Cities Road

0%

5%

" Parked
¥ proceeding straight
slowing stopped

“Ran off-road

B Other unsafe turn
Making U-turn

® Making Right turn
Enter from

shoulder
¥ Stopped
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Movement types for Collisions on

Interstate 5 & West Turner Road
0%

© Parked
¥ proceeding straight
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“ Ran off-road
B Other unsafe turn
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® Making Right turn
“ Enter from shoulder
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Making left turn
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Movement types for Collisions on
Interstate 5 & South French Camp Road

0%of% of,

" Parked

B proceeding straight
slowing stopped

" Ran off-road

B Qther unsafe turn
Making U-turn

B Making Right turn
Enter from shoulder

¥ Stopped
Making left turn
Pass Other Vehicle
Backing
Other
Change Lane

Movement types for Collisions on
Highway 101 and Wild Horse Road

0%

" Parked

B proceeding straight
slowing stopped

" Ran off-road

B Other unsafe turn
Making U-turn

B Making Right turn
Enter from
shoulder

B Stopped
Making left turn
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A6.2 FATIGUE RELATED COLLISIONS AT INFORMAL REST
AREAS, DESIGNATED REST AREAS

Fatigue Related Highway Collisions near Informal Rest Stop Locations

Table A6.1:

Number of Number . Number .
.. Location Location
Collisions of of
L . of . of
within a Collisions Collisions
. nearest nearest
mile stretch Nearest collision Nearest collision
of Informal to Rest (miles to Rest (miles
Rest Stop Stop before) Stop after)
location (before) (after)
0 collisions up
to 2 mile after
except for the 2
Northbound collision
Highway 101 and 0 1 5.7 2 0.1 location 0.1
Wild Horse Road mile after.
3 collision
location 7.8
mile before.
Southbound 2 collision
Highway 101 and 0 1 5.3 1 2.4 |location 12
Wild Horse Road mlles_ before,
15 miles after.
Northbound 2 collision
Interstate 5 and 0 1 2 location 8 miles
Twin Cities Road after
Northbound
Interstate 5 and 2 collision
Hood Franklin 2 1 0.4 1 1.7 location 2 miles
Road after
Southbound 2 collision
Interstate 5 and 0] 1 1 1 1.5 location 3 miles
Twin Cities Road after
Southbound 2 CO|!ISIOI’]
location 2.7
Interstate 5 and .
. 0 1 2 1 2 miles before
Hood Franklin )
and 10 miles
Road
after
Northbound 2 CO|!ISIOI’]S
Interstate 5 and location 6.5
0] 1 3.6 1 0.2 miles before

South French
Camp Road

and 2.8 miles
after
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Northbound 2 collisions
Interstate 5 and 1 1 1.6 1 1.4 | location 2 miles
West Turner Road before and 3.5
miles after
Number of Number . Number .
Collisions of Location of Location
within a Collisions of Collisions of
. nearest nearest
mile stretch | Nearest - Nearest -
collision collision
of Informal to Rest (miles to Rest (miles
Rest Stop Stop before) Stop after)
location (before) (after)
Southbound
Interstate 5 and 2 collision
South French 1 1 1.4 1 1.7 location 10.9
Camp Road miles after
Southbound 2 collision
Interstate 5 and 4 1 1 1 1.4 location 7.2
West Turner Road miles before
All 4 locations
unsafe with a
Eastbound higher number
Interstate 80 and 2 1 1.4 1 0.3 | of collisions at
Red Top Road rest stops and
a number of 2
and 3 collision
locations.
Informal rest
stop located
immediately
next to two
formal rest stop
location. Lack
of space or
adequate
Eastbound facility at the
Interstate 80 and 0 1 2 1 0.3 formal rest stop
Abernathy Road location?
Formal rest
stop location
unpopular due
to some
reason? 2
collisions
location 3 miles
after.
3 collision
Eastbound It?;fitr'gn; miles
Interstate 80 and 1 1 0.6 1 0.3 s
Pedrick Road CO“'S.'On
location 1.3
miles after
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Number of Number . Number .
.. Location Location
Collisions of of
L . of . of
within a Collisions Collisions
. nearest nearest
mile stretch Nearest .. Nearest .,
collision collision
of Informal to Rest (miles to Rest (miles
Rest Stop Stop before) Stop after)
location (before) (after)
Eastbound
Interstate 80 and 3+1 1 1 1 1.6
Kidwell Road
Westbound 2 collision
Interstate 80 and 0] 1 0.1 2 1.8 location2 miles
Red Top Road after
Westbound 2 collision
Interstate 80 and 0 1 0.6 1 0.4 location 1.2
Abernathy Road miles before
2-collision
location nine
miles before.
Westbound All four
Interstate 80 and 1 1 0.2 1 0.2 locations
Pedrick Road unsafe in spite
of presence of
formal rest
stops.
Westbound 2 collision
Interstate 80 and 1 1 0.6 1 1 location ten
Kidwell Road miles before
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Table A6.2:

Fatigue related Highway Collisions at
Designated Rest Area locations near the informal rest stops

Number | Location | Number | Location
Number of of of Peak of of Peak
Collisions at | Collisions | (miles | Collisions | (miles
formal Rest at Peak from at Peak from
Stop (within formal (within formal
location 10 miles rest 10 miles rest
before) stop) after) stop)
2 collision
Northbound 101 0 1 0.8 location 3.2
Camp Roberts .
mile after
2 collision
Southbound 101 0 1 4.3 location 9 mile
Camp Roberts
after
Northbound 1-5 0 1 5 2 collisions 15
Elkhorn Rest Area miles after
Many collision
location. Two
Eastbound 80 collision
Truck Weigh location 5
Station at Postmile 1 1 0.2 1 0.2 miles after. 3
14.3 collision
location 7
miles after.
2 collision
Eastbound 80 location 3miles
Truck Weigh after. 3
Station at postmile 0 1 1.5 1 0.9 collision
16.03 location 5.2
miles after.
Westbound 80 2 collision
Hunter Hill Rest 0 1 0.5 1 0.1 location 7
Stop miles after.
Westbound 80
Truck Weigh
Station at Postmile 1 2 0.7 2 0.5
14.3
Westbound 80 ..
Truck Weigh 2 CO."'S'On
. . 0 1 0.6 1 1 location 1.2
Station at postmile miles before
16.03 )
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A6.2.1 FATIGUE RELATED COLLISIONS AT INFORMAL REST
AREAS, DESIGNATED REST AREAS AND TRUCK SCALES

Fatlgue (Strict Definltlon) Collizlons Northbound 101

Monterey County
3.5 -
3 ¢ €
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Stops
Formal Rest
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Number of Collisions

Fatigue (Expanded Definition} Collisions Northbound 101 Monteray County
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Number of Collisions
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Fatigue Collisions (Strict Definition) Southbound 101 Monterey County
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Fatigue (Expanded Definition) Collisions Southbound 101 Monterey County
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Numbar of Collisions
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Fatigue (Strict Definition) Collisions Northbound I-5 Sacramento County
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Fatigua (expanded definition) Truck Cellisions Nerthbeund I-5 $acramento

County
2.5 1
2 x X x
i
Expanded Fatigue
a B Informal Rest Stops
‘ Formal Rest Stops
! l A AATA AR A A AR A A A~ o A AR A A
0.5
T -1
1]
[1] 5 10 15 20 25 30 35
L 4
Informl best S Postmiles
Infarmal Rest Siap. ] Pk R,
Twvin Cithes Road, postmite 21 A49

312



Rest Areas, Reducing Accidents Involving Driver Fatigue

Fatigue (Strict Definition) Truck Cellisions Southbeund I-5 Sacramento County

1.5
Strict Fatigue
Informal Rest Stops
Formal Rest Stops

Musiber of Collisions

I Te#F . F L . rE e &« F &
0.5 <
—— r
o ‘ . ¥ ¥ ¥ ¥ *
0 5 (1] 15 20 25 30 35
¥ Postmiles

Twin Cities Reud  Hood Franklin Romd,
Infermal Rest Stops Informal Rest Stop,
Poslmile = 2.13 Postmile = 849 <

Traffic Direction

313



Rest Areas, Reducing Accidents Involving Driver Fatigue
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Fatigue (Expanded Definition) Collisions Southbound I-5 San Jeaquin County
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Nurnber of Col islons
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Fatigue (Strict definition) Collisions Westbound 80 Selane County
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Fatigue (Strict definitien} Collisiens Eastbound 80 Sclano County
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